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ON  THE  CONDENSATION  OF  NITROMAI^ONIC  AIvDE- 
HYDE  WITH  BENZYIvMETHYI,  KETONE.' 

By  Henry  B.  Hill  and  William  J.  Hale. 

The  condensation  of  various  ketones  with  nitromalonic  alde- 
hyde has  been  the  subject  of  much  investigation  in  this  labora- 
tory. From  the  simpler  reaction  with  acetone,^  resulting  in 
the  ready  formation  of  paranitrophenol,  to  the  more  involved 
cases  with  ketone  acids,*  the  same  mode  of  formation  has  been 
clearly  made  out,  and  no  more  confirmatory  evidence  regard- 
ing the  nature  of  these  condensations  need  be  supplied.  The 
formation  of  an  intermediate  product,  a  derivative  of  dihydro- 
benzol,  seems  established,  which,  by  the  addition  and  elimina- 
tion of  a  molecule  of  water,  passes  into  the  phenol  proper. 
The  action  of  benzylmethyl  ketone,  in  accordance  with  results 
just  cited,  must  give  a  derivative  of  phenylbenzol,  a  5-nitro-2- 

'  This  paper  was  written  after  the  untimely  death  of  Professor  Hill.— w.  j.  h. 
*  This  Journal,  22,  89  (1899). 
3  Jbid.,  24,  I  (1900). 
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oxydiphenjl,  and  constitutes,  therefore,  an  interesting  field  for 
the  investigation  of  a  number  of  hitherto  unknown  diphenyl 
derivatives. 

Although  this  work  was  begun  several  years  ago  and  a  pre- 
liminary notice  had  appeared  in  the  Spring  of  1900,'  an  earlier 
article  by  Borsche"  on  the  action  of  diazobenzol  chloride  upon  an 
alkaline  solution  of  nitrosophenol  was  found  to  overlap  a  por- 
tion of  our  work.  As  Borsche  had  not  chosen  to  continue  the 
study  of  the  nitrodiphenyls  it  seemed  advisable  for  us  to  turn 
our  attention  to  the  investigation  of  these  compounds  and  to 
determine  the  relative  positions  of  the  nitro  groups  by  com- 
parison with  the  parent  substance — the  direct  product  of  this 
synthesis. 

The  compound  obtained  by  Borsche  was  a  nitrosooxydi- 
phenyl.  From  it  he  prepared  the  amido  body,  the  quinone 
and  hydroquinone,  and  by  the  action  of  nitric  acid  a 
dinitro  derivative.  These  bodies  have  been  obtained  in  the 
course  of  our  investigations,  but  the  melting-points  are,  in 
most  instances,  several  degrees  higher  than  those  given  by 
Borsche.  In  a  second  paper  by  Borsche''  the  conversion  of  the 
nitrosooxydiphenyl  into  the  uitrooxydiphenyl  by  the  action  of 
very  dilute  nitric  acid  is  described.  This  compound  is  the 
starting-point  in  our  work,  and  results  directly  from  the  con- 
densation of  nitromalonic  aldehyde  with  benzylmethylketone. 
The  constitution  of  these  compounds,  as  first  determined  by 
Borsche,  appeared  somewhat  doubtful,  but  in  the  light  of 
further  investigations  published  in  his  second  paper,  and  more 
particularly  by  these  syntheses  from  nitromalonic  aldehyde, 
the  entire  matter  of  constitution  is  definitely  established. 

When  benzylmethyl  ketone  reacts  with  sodium  nitromalonic 
aldehyde,  in  slightly  alkaline  solution,  there  is  formed  the 
sodium  salt  of  i-phenyl-4-nitrophenol,  i.  e.,  5-nitro-2-oxydi- 
phenyl.  The  first  stage  in  this  condensation  must  be  consid- 
ered as  the  formation  of  i-nitro-3-pheuyl-4-keto- J2,5-dihydro- 
benzol,  which  passes  over  at  once  into  the  phenol  : 

'  Ber.  d.  chem.  Ges.,  33,  1241  (1900). 

-Ibid.,  32,  2935  (1899). 

3  Ann.  Chem.  (L,iebig),  312,  211  (igoo). 
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The  phenol  is  readily  liberated  from  the  deep  red  solution  of 
its  sodium  salt  b}'  means  of  a  current  of  carbon  dioxide.  The 
sodium  salt  crystallizes  in  beautiful  orange-red  prisms,  which 
change  to  crimson  upon  dehydration.  The  action  of  alkyl 
haloids  upon  this  sodium  salt,  as  well  as  that  of  benzoyl  chlo- 
ride upon  the  oxydiphenyl  itself,  gives  mono  derivatives  which 
show  conclusively  but  one  hydroxyl  present.  From  the  nitro- 
oxydiphenyl  was  prepared  the  amido  compound,  and  then  the 
quinone,  but  owing  to  the  appearance  of  Borsche's  paper, 
further  research  in  this  line  was  discontinued  and  our  atten- 
tion given  entirely  to  a  study  of  the  nitrooxydiphenyl  itself. 

When  nitric  acid  acts  upon  5-nitro-2-oxydiphenyl,  in  glacial 
acetic  acid  solution,  another  nitro  group  enters  the  substituted 
ring,  and  there  is  formed  the  5,3-dinitro-2-oxydiphenyl.  The 
nitro  group  naturally  enters  meta  to  the  nitro  group  and  ortho 
to  the  hydroxyl  already  present.  The  sodium  salt  of  this 
dinitro  compound  crystallizes  better  than  the  sodium  salt  of 
the  mononitro  derivative,  and  appears  in  beautiful  orange-red 
leaflets,  containing  2  molecules  of  water  of  crystallization. 
The  structure  of  the  mononitrooxydiphenyl  is  readily  estab- 
lished b}'  the  oxidation  of  its  methyl  ether  with  chromic  acid 
mixture.  The  resulting  products  are  5-nitrosalicylic  acid 
methyl  ether,  and  benzoic  acid, 
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lu  attempting  to  establish  the  constitution  of  the  dinitro- 
oxydiphenyl  by  the  oxidation  of  its  ethers  little  or  no  oxida- 
tion-product could  be  obtained.  In  order,  however,  to  sub- 
stantiate the  theory  of  its  constitution  an  indirect  method  was 
adopted.  The  2,6-diphenyl-4-nitrophenol  of  Soch  and  Oen- 
slager'  may  be  regarded  as  the  5-nitro-2-oxydiphenyl  in  which 
the  3-position  is  occupied  by  a  phenyl  group  : 


0,N,  — CeH,  0,Nr'  -NO, 

OH  .  OH 


This  body,  on  treatment  with  nitric  acid  in  glacial  acetic 
acid,  does  not  give  a  dinitro  compound  such,  for  example,  as 
was  so  easily  obtained  from  5-nitro-2-oxydiphenyl.  As  the 
3-position — the  only  free  position  meta  to  the  5-nitro  group — 
is  the  natural  place  for  a  second  nitro  group  to  enter,  and  as 
this  position  is  already  filled  in  the  5-nitro-2-oxy-i,3-diphenyl- 

'  This  Journal,  34,  5  (1900). 
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benzol  of  Socli  and  Oenslager,  we  have  reason  to  believe  that 
at  this  3-position  the  second  nitro  group  enters  the  5-nitro-2- 
oxydipheuyl,  forming  thus  a  5,3-dinitro-2-oxydiphenyl.  When 
the  mono-  or  dinitrooxydiphenjds  are  subjected  to  treatment 
with  boiling  nitric  acid,  the  phenyl  group  bearing  the  hy- 
droxyl  is  completely  oxidized.  Benzoic  acid,  however,  or 
what  might  be  expected  in  the  presence  of  strong  nitric  acid — 
metanitrobeuzoic  acid — does  not  result,  but  in  its  place  para- 
nitrobenzoic  acid  is  obtained.  This  is  proof  conclusive  that 
the  nitro  group  must  have  entered  the  free  phenyl  ring  para  to 
the  tie  existing  before  the  oxidation  took  place.  In  order  to 
establish  the  identity  of  this  paranitrobenzoic  acid  the  silver 
salt  and  methj^  ester  were  made  and  anal5'zed. 

The  action  of  nitric  acid  upon  the  ethers  was  found  to  give 
additional  nitro  compounds  and  these,  in  turn,  by  saponi- 
fication, could  be  converted  into  their  corresponding  nitrooxy- 
diphenyls.  The  methyl  ether  of  5, 3-dinitro-2-oxydiphenyl,  on 
treatment  with  boiling  nitric  acid,  passes  into  a  5,3,4'-trinitro- 
2-oxydiphenyl  methyl  ether.  The  free  trinitrooxydiphenyl, 
obtained  by  the  saponification  of  this  ether,  gave,  on  treatment 
wdth  boiling  nitric  acid,  paranitrobenzoic  acid,  which  shows 
that  the  third  nitro  group  must  have  entered  the  second  ring 
para  to  the  tie.  When  the  5-nitro-2-oxydiphenyl  methyl  ether 
is  dissolved  in  glacial  acetic  acid  and  then  treated  with  nitric 
acid,  onlj-  one  additional  nitro  group  enters.  This  nitro 
group  enters  the  second  ring  para  to  the  tie,  thus  producing 
5,4'-dinitro-2-oxydiphenyl  methyl  ether,  which,  in  turn,  may 
be  converted  into  the  free  5,4'-dinitro-2-oxydiphenyl  by  sapon- 
ification w'ith  hydrochloric  acid.  5,4'-Dinitro-2-oxydiphenyl 
is  isomeric  with  5-3-dinitro-2-oxydiphenyl  and,  by  treatment 
with  nitric  acid  in  acetic  acid  solution,  can  be  converted  into 
5,3,4'-trinitro-2-oxydiphenyl,  the  same  compound  as  is  ob- 
tained from  the  ether  of  5,3-dinitro-2-oxydiphenyl.  This  is 
proof  sufficient  to  show  that  in  5,4'-dinitro-2-ox5'diphenyl  the 
nitro  group  has  entered  the  second  ring  para  to  the  tie  : 
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If  the  5-iiitro-2-oxydiphenyl  methyl  ether  is  treated  with 
boiling  nitric  acid,  the  5,4'-dinitro-2-oxydiphenyl  methyl  ether 
at  first  formed  is  converted,  by  further  nitration,  into  a  trini- 
tro-2-oxydiphenyl  methyl  ether.  This  third  nitro  group  can 
enter  the  first  phenyl  ring  meta  to  the  nitro  group  already 
present,  and  give  5,3,4'-trinitro-2-oxydiphenyl  methyl  ether  ; 
or  it  can  enter  the  second  phenyl  ring  meta  to  the  nitro  group 
that  has  previously  entered,  and  thus  produce  a  5,2'4'-trinitro- 
2-oxydiphenyl  methyl  ether.  As  a  matter  of  fact,  both  of 
these  isomers  are  obtained  in  about  equal  quantity  and  can  be 
readily  separated  by  means  of  their  respective  solubilities  in 
alcohol.  The  one,  5,3,4'-trinitro-2-oxydiphenyl  methyl  ether 
has  already  been  mentioned;  the  other,  5,2',4'-trinitro-2-oxy- 
diphenyl  methyl  ether,  was  saponified  with  hydrochloric  acid 
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and  the  free  trimtro-2-oxydiphenyl  subjected  to  oxidation 
by  the  action  of  boiling  nitric  acid.  The  benzoic  acid 
formed  proved  to  be  metadinitrobenzoic  acid,  thus  showing  the 
relation  of  the  two  nitro  groups  in  the  second  phenyl  ring  : 
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EXPERIMENTAL  PART, 

Benzylmethyl  Ketone} — Twenty  to  thirty  grams  phenyl 
acetic  acid  are  boiled  with  a  large  excess  of  calcium  carbonate 
in  a  liter  of  water.  The  hot,  filtered  solution  is  then  evapora- 
ted to  dryness  upon  a  steam-bath,  and  the  residue  of  calcium 
phenyl  acetate  dried  at  120°  to  130°  for  several  hours.  At 
this  temperature  the  salt  melts,  and  when  cooled  presents  a 
vitreous  appearance.  The  finely  pulverized  calcium  phenyl 
acetate,  deprived  of  its  moisture,  is  now  mixed  with  a  large 

1  Ber.  d.  chem.  Ges.,  3,  198  (1870). 
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excess  of  pulverized  calcium  acetate,  also  dried  at  120°. 
This  mixture,  placed  in  a  non-tubulated  retort,  yields, 
on  distillation,  dibenzyl  ketone,  benzyl  methyl  ketone, 
and  acetone.  The  dark-red,  oily  distillate  thus  obtained 
Is  freed  of  its  acetone  by  warming  upon  a  water-bath, 
and  then  shaken  up,  at  ordinary  temperatures,  with  four  to 
five  times  its  volume  of  a  saturated  aqueous  solution  of  sodium 
acid  sulphite.  As  ketones  possessing  methyl  groups  unite  much 
more  readily  with  acid  sodium  sulphite  than  do  those  without 
these  groups,  the  crystalline  product  that  separates  on  stand- 
ing will  consist  entirely  of  the  benzylmethyl  ketone  acid  sul- 
phite salt.  Upon  filtering  off  these  crystals  the  dibenzyl  ke- 
tone still  adhering  may  be  completely  removed  by  washing 
with  ether.  The  acid  sodium  sulphite  salt  of  benzylmethyl 
ketone,  by  treatment  with  a  strong  solution  of  sodium  carbonate, 
is  readily  resolved  into  neutral  sodium  sulphite  and  the  free 
ketone,  the  latter  rising  to  the  surface  as  a  colorless  oil)'  liquid 
which,  after  removal,  should  again  be  warmed  on  the  water- 
bath  to  drive  off  any  traces  of  acetone.  Thirty  grams  calcium 
phenyl  acetate,  with  45  grams  calcium  acetate,  gave  7.2  grams 
purified  benzylmethyl  ketone. 

5-Nitro-2-oxydiphenyl,  C.Hj.C.HaCNOJCOH).— A  solution 
of  sodium  nitromalonic  aldehyde^  in  six  times  its  weight  of 
water,  to  which  has  been  added  i  molecule  of  sodium  hydrox- 
ide in  normal  solution,  is  allowed  to  react  with  the  equivalent 
amount  of  benzylmethyl  ketone,  dissolved  in  four  to  five  times 
its  weight  of  alcohol.  The  alcohol  prevents  the  precipitation 
of  the  ketone  by  aqueous  sodium  hydroxide  and  thus  enables 
the  reaction  to  run  to  completion.  The  time  necessary  for 
this  condensation  is  about  twelve  hours.  A  further  addition 
of  sodium  hydroxide  does  not  materially  increase  the  yield  of 
product  nor  shorten  the  time,  while,  with  the  alkali  in 
amount  less  than  i  molecule,  the  time  for  complete  reaction 
is  considerably  lengthened.  The  mixture  does  not  require 
shaking,  but  reacts  well  by  standing  at  ordinary  temperatures. 
When  reaction  is  complete  the  excess  of  alcohol  is  evaporated 
over  the  water-bath  and  the  deep  red  liquid,  cooled  and  some- 

1  This  Journal,  22,  89  (1899). 
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what  diluted  by  the  addition  of  water,  is  saturated  with  carbon 
dioxide.  The  5-nitro-2-oxydiphenyl  soon  separates  as  a  yel- 
low crystalline  precipitate  which,  after  removal  to  a  filter,  is 
well  washed  with  cold  water.  In  this  manner  88.2  per  cent 
of  the  theoretical  yield  was  obtained.  The  use  of  h3'drochloric 
acid  for  acidification  proved  undesirable,  owing  to  the  viscous 
form  in  which  the  phenol  was  precipitated. 

5-Nitro-2-oxydiphenyl  crystallizes  best  from  dilute  acetic 
acid  in  long,  yellow  needles,  which  melt  at  125°  to  126° 
(corr.),  (126°  to  128°  Borsche). 

It  is  readily  soluble  in  acetone  or  in  alcohol,  and  may  be 
crystallized  from  dilute  alcohol.  It  is  fairly  soluble  in  ether, 
chloroform,  benzol,  or  carbon  disulphide,  but  insoluble  in 
ligroin.  Boiling  water  dissolves  it  sparingly,  10,000  parts 
water  dissolving  17.2  parts  phenol,  and  from  this  aqueous  solu- 
tion the  phenol  again  separates  on  cooling.  5-Nitro-2-oxydi- 
phenyl  sublimes  beautifully  in  yellow  needles. 

I.  0.1791  gram  substance  gave  0.4408  gram  COj  and  0.0732 
gram  H^O. 

II.  0.1462  gram  substance  gave  8.3  cc.  moist  N  at  20°  and 
778  mm.  pressure. 

Found. 


Calculated  for 

CloHgOsN. 

I. 

c 

66.94 

67.14 

H 

N 

4.22 
6.55 

4-57 

6.62 

The  Sodhan  Salt  of  §-Nitro-2-Oxydiphe7iyl. — The  sodium 
salt  is  readily  soluble  in  alcohol  or  water,  and  may  be  crystal- 
lized from  its  concentrated  aqueous  solution  in  the  form  of 
orange- red  prisms  which  contain  3.5  molecules  of  water  of 
crystallization.  Nearly  all  of  this  crystal  water  is  slowly  lost 
over  sulphuric  acid,  but  to  remove  the  last  traces  the  salt  must 
be  dried  at  120°  to  125°.  At  the  same  time  the  orange-red 
color  is  changed  into  the  crimson  of  the  anhydrous  salt. 
I.  0.6676  gram  salt  lost,  at  125°,  0.1398  gram  H^O. 
II.  0.4858  gram  salt  lost,  at  125",  0.1020  gram  HjO. 

III.  0.2324  gram  air-dried  salt  gave  0.0551  gram  Na^SO^. 
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Calculated  for  Found. 

CjoH^OaNNa.aiH.jO.  I.  II.  III. 

H.^O  2I.OI  20.94         21.00         .... 

Na  7.68  ....  ....  7.69 

^-Nitro-2-oxydiphenyl  Methyl  Ether, 
CeH5.C6H3(NO,)(OCH3).— The  methyl  ether  is  easily  prepared 
by  the  action  of  methyl  iodide  upon  the  sodium  salt.  After 
three  to  four  hours  boiling  upon  the  water-bath,  under  a  re- 
flux condenser,  the  clear  solution  is  evaporated  to  dryness  and 
extracted  with  ether.  From  the  ethereal  solution  large  clus- 
ters of  needles  separate  on  evaporation.  The  methyl  ether  is 
most  readily  soluble  in  hot  alcohol,  from  which,  on  cooling,  it 
crystallizes  in  beautiful  colorless  needles.  It  is  insoluble  in 
water,  but  readily  soluble  in  ether,  chloroform,  acetone,  ben- 
zol, or  carbon  disulphide,  and  fairly  soluble  in  hot  ligroin, 
from  which  also  it  may  be  crystallized.  The  melting-point  is 
95°. 2  (corr.). 

0.1585  gram  substance  gave  0.3972  gram  CO^  and  0.0726 
gram  H.,0. 

Calculated  for 
CisHnO.iN.  Found. 

C  68.09  68.36 

H  4.84  5.12 

^-Nitro-2-oxydiphenyl  Ethyl  Ether, 
CgH5.CsH3{N02)(OCjH,).— This  was  prepared  in  the  same 
manner  as  the  methyl  ether  by  the  action  of  ethyl  iodide  upon 
the  sodium  salt.  It  is  similar  in  its  .solubilities  and  in  other 
respects  to  the  methyl  ether.  After  several  crystallizations 
from  alcohol  the  melting-point  became  constant  at  110°. 6 
(corr.). 

o.  1414  gram   sub.stance  gave  0.3576  gram  CO.^  and  0.0702 
gram  Hp. 

Calculated  for 
CuHisOnN.  Found. 

C  69.10  68.98 

H  5.39  5-55 

^-Nitro-2-oxydiphenyl  Benzoic  Ether, 
CgHj.QHjCNOJCOCOC.H,). When    the    5-uitro-2-oxydi- 
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phenyl,  made  into  a  paste  with  a  small  amount  of  water,  is 
shaken  up  with  benzoyl  chloride,  and  sufiBcient  sodium  hy- 
droxide solution  added  to  give  an  alkaline  reaction,  a  pre- 
cipitate is  formed  which,  on  crystallization  from  hot  alco- 
hol, appears  in  small,  white,  irregular  prisms,  melting  at  99°. 3 
(corr,).  This  product  is  readily  soluble  in  chloroform,  carbon 
disulphide  or  hot  alcohol,  but  insoluble  in  water.  It  is  fairly 
soluble  in  benzol,  ether,  acetone,  glacial  acetic  acid,  or  hot 
ligroin. 

0.1772  gram  substance  gave  0.4628  gram  CO^  and  0.0692 
gram  H^O. 

Calculated  for 
C19H13O4N.  Pound. 

C  71.45  71-24 

H  4.11  4.37 

^-Amido-2-oxydiphenyl,  CgH^.C^HjCNHJCOH).— The  5-ni- 
tro-2-oxydiphenyl  was  reduced  to  the  amido  compound  by  tin 
and  hydrochloric  acid  in  alcoholic  solution  ;  gentle  warming 
greatly  facilitates  the  reduction.  After  the  tin  has  been  re- 
moved by  the  action  of  hydrogen  sulphide,  and  the  mother- 
liquor  suflBciently  concentrated,  crystals  of  the  hydrochlorate 
appear.  This  gives,  by  treatment  with  a  solution  of  potassium 
carbonate,  a  white  precipitate  of  the  free  base  which,  owing 
to  impurities  present,  rapidly  darkens  on  exposure  to  the  air. 
5-Amido-2-oxydiphenyl  is  fairly  soluble  in  carbon  disulphide 
or  in  hot  benzol,  crystallizing  from  the  latter  as  the  solution 
cools.  It  is  sparingly  soluble  in  ether  or  chloroform,  insolu- 
ble in  ligroin  or  water,  but  soluble  in  hot  alcohol,  from  which 
it  crystallizes  well  in  small,  colorless  needles,  melting  at  198° 
to  199°  (corr.)  (192°  Borsche). 

0.1388  gram  substance  gave  0.3945  gram  CO2  and  0.0798 
gram  H^O. 

Calculated  for 
CioHiiGN.  Found. 

C  77.79  77.52 

H  5.98  6.43 

2-Phe7iylbenzoquinone ,  CjHg.CgHjO.^. — The  5-amido-2-oxydi- 
phenyl,  dissolved  in  forty  times  its  weight  of  dilute  sulphuric 


12  Hill  and  Hale. 

acid  ( I  part  acid  to  3  parts  water) ,  was  treated  with  sodium  di- 
chromate,  in  excess  of  the  requisite  amount,  dissolved  in  four 
times  its  weight  of  water.  Gentle  warming  upon  the  water- 
bath  was  found  necessary  to  start  the  reaction.  The  mixture 
was  then  allowed  to  stand  several  hours,  after  which  the  qui- 
none  was  removed  by  extraction  with  ether.  2-Phenylbenzo- 
quinone  is  readily  soluble  in  ether,  chloroform,  or  carbon  di- 
sulphide,  and  fairly  soluble  in  ligroin,  benzol,  acetone,  or  hot 
water,  crystallizing  from  water  on  cooling.  It  dissolves  read- 
ily in  warm  alcohol,  and  crystallizes  from  it  slowly,  but  is  best 
crystallized  out  of  dilute  acetic  acid  (80  per  cent),  from  which 
it  separates  in  orange-yellow  leaflets,  melting  at  112°  to  113° 
(corr.)  (107°  to  108°  Borsche). 

0.1112  gram  substance  gave  0.31S4  gram  CO^  and  0.0488 
gram  H^O. 

Calculated  for 

CioHsOo.  Found. 

C  78.24  78.11 

H  4-38  4-91 

5  ^S-Dinitro-2-oxydiphenyl,  ^^.^.^^^.{J^O^.^.{OYL) .  —  The 
5-nitro-2-oxydiphenyl  was  dissolved  in  twelve  to  fifteen  times 
its  weight  of  glacial  acetic  acid  by  gently  warming,  and  four 
to  five  times  its  weight  of  nitric  acid  (sp.  gr.  1.40)  then  added. 
From  this  warm  solution  there  separates,  almost  immediateh', 
yellow  crystals  of  the  dinitrooxydiphenyl.  The  product 
is  obtained  in  a  very  pure  condition,  and  in  an  amount 
equal  to  95  per  cent  of  the  theoretical.  This  dinitrooxydi- 
phenyl sublimes  in  the  form  of  yellow  needles  like  the  mononi- 
trooxydiphenyl,  but  with  less  ease.  It  is  sparingly  soluble  in 
ether  or  carbon  disulphide,  insoluble  in  ligroin,  and  very  spar- 
ingly soluble  in  hot  water.  It  dissolves  in  benzol,  chloroform, 
acetone,  alcohol,  ethyl  acetate,  or  glacial  acetic  acid  when  hot, 
and  from  each  crystallizes  on  cooling.  The  crystals  obtained 
from  acetone  or  ethyl  acetate  are  in  the  form  of  small  elonga- 
ted octahedra,  while  from  alcohol,  benzol,  or  glacial  acetic 
acid  they  appear  in  long,  saw-teeth  aggregations.  From  glacial 
acetic  acid,  its  best  solvent,  the  purified  product  melts  at  207° 
to  °2o8  (corr.) (203°  to  204°  Borsche). 
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I.  0.2144  gram  substance  gave  0.4338  gram  COj  and  0.0654 
gram  H^O. 

II.  0.2286  gram  substance  gave  22.1  cc.  moist  N  at  23°  and 
775  mm.  pressure. 

Found. 


Calculated  for 
CuHeOsNo. 

I. 

c 

H 

N 

55-36 

3.10 

10.80 

55-17 

3-41 

11.06 

The  Sodium  Salt  of  5 ,j-Dinitro-2-oxydiphenyl. — By  dissolv- 
ing the  dinitrooxydiphenyl  in  a  hot  solution  of  sodium  hy- 
droxide it  is  at  once  converted  into  the  sodium  salt  which 
separates  as  the  solution  cools.  The  sodium  salt,  though 
fairly  soluble  in  hot  water,  is  only  sparingly  soluble  in  cold. 
It  crystallizes  beautifully  from  its  aqueous  solution  in  glisten- 
ing, orange-red  leaflets,  which  lose  their  water  of  crystalliza- 
tion slowly  over  sulphuric  acid,  more  rapidly  at  100°  to  105°, 
and  change  color  to  the  crimson  of  the  anhydrous  salt.  A 
solution  of  the  sodium  salt  may  be  decomposed  by  carbon  di- 
oxide and  the  dinitrooxydiphenyl  thus  liberated. 

I.  0.4924  gram  air-dried  salt  lost,  at  100°  to  105°,  0.0554 
gram  H^O. 

II.  0.2408  gram  air-dried  salt  lost,  at  100°  to  105°  in  two 
hours,  0.0272  gram  H^O. 

III.  0.2438  gram  air-dried  salt  gave  0.0542  gram  Na^SOj. 

Calculated  for  Found. 

Ci.jH705N2Na.2H...O.  I.  II.  III. 

H.^0  1 1 -32  11-25         11.30         .... 

Na  7.24  ....  ....  7.21 

^,^-Dinitro-2-oxydiphenyl  Methyl  Ether ^ 
CeH,.C6H,.(NO,),.(OCH3).— By  the  action  of  methyl  iodide 
upon  the  sodium  .salt  of  dinitrooxydiphenyl,  the  methyl  ether 
is  formed,  but  the  reaction  runs  too  slowly  for  practical  pur- 
poses. The  silver  salt,  prepared  by  the  action  of  silver  nitrate 
upon  a  solution  of  the  sodium  salt,  was  found  to  work  much 
better,  and  accordingl}^  was  treated  with  methyl  iodide  and 
methyl  alcohol,  under  a  reflux-condenser,  upon  a  water-bath. 
After  boiling  for  several  hours,  the  clear  alcoholic  solution  was 
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poured  oflF  and  evaporated  ;  small  yellow  crystals  of  the  methyl 
ether  soon  separate,  which,  after  repeated  crystallization  from 
alcohol,  are  obtained  in  colorless  leaflets,  melting  at  114°  to 
115°  (corr.).  This  methyl  ether  is  fairly  soluble  in  ether  or 
in  hot  ligroin,  and  from  the  latter  it  may  be  crystallized.  It 
is  insoluble  in  water,  but  quite  readily  soluble  in  benzol  or 
glacial  acetic  acid,  crystallizing  fairly  well  from  40  per  cent 
acetic  acid. 

0.2356  gram  substance  gave  0.4902  gram  CO^  and  0.0832 
gram  H^O. 


Calculated  for 

CisHioOsNo. 

Found. 

c 

56.90 

56.75 

H 

3.67 

3-95 

5 ,S-Diamido-2-oxydiphenyl,  CgH^.C^H,. (NHJ^. (OH).— The 
reduction  of  the  dinitrooxydiphenyl  by  tin  and  hydrochloric 
acid  was  carried  on  in  alcoholic  solution  in  the  same  manner 
as  described  in  the  reduction  of  the  mononitrooxydiphenyl. 
The  colorless  crystals  of  the  hydrochlorate  thus  obtained,  upon 
treatment  with  potassium  carbonate,  gave  a  yellow  flocculent 
precipitate,  which  changed  rapidly  to  a  reddish-brown  powder 
when  dry.  The  diamidooxydiphenyl  is  soluble  in  alcohol  or 
in  glacial  acetic  acid,  insoluble  in  ether,  ligroin,  or  chloroform. 
The  alcoholic  solution,  on  dilution  with  water,  gave  a  brown- 
red  precipitate,  but  no  definitely  crystalline  substance  with  a 
melting-point  could  be  obtained. 

Oxidation  of  the  s-Nitro-2-oxydiphenyl  Methyl  Ether. — In  at- 
tempting to  oxidize  the  free  phenyl  group  in  this  compound, 
by  the  use  of  potassium  permanganate  in  neutral  or  in  alka- 
line solution,  no  successful  results  were  obtained.  In  all  cases 
the  methyl  ether  remained  unacted  upon  and  could  be  com- 
pletely recovered.  The  use  of  chromic  acid  in  acetic  acid  solu- 
tion, as  carried  out  by  Hammarsten,'  prov^ed  much  more  satis- 
factory than  the  usual  method  of  potassium  dichromate  with 
sulphuric  acid.  Under  such  conditions  the  methyl  ether  was 
readily  resolved  into  the  acids  possible  from  the  two  phenyl 
rings.     Mononitrooxydiphenyl  methyl  ether  was  boiled  vigor- 

'  Ber.  d.  chem.  Ges.,  14,  71  (1S81). 
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ously,  under  a  reflux  condenser,  with  forty  times  its  weight  of 
20  per  cent  solution  of  chromium  trioxide  dissolved  in  glacial 
acetic  acid.  After  a  half  hour's  boiling  the  cooled  solution 
was  poured  into  a  small  quantity  of  water  and  the  aqueous 
mixture  extracted  with  ether.  The  residue  from  the  ether 
extract  was  then  treated  with  a  solution  of  sodium  carbonate 
to  dissolve  the  acid  oxidation-products,  and,  at  the  same  time, 
to  leave  undissolved  the  unchanged  methyl  ether.  In  this  case 
the  absence  of  methyl  ether  indicated  that  the  oxidation  was 
complete.  The  clear  solution  of  the  sodium  salts,  after  acid- 
ification with  hydrochloric  acid,  was  again  extracted  with 
ether,  and  aflForded  a  white  product  melting  at  125°  to  140°. 
This  product  was  now  distilled  with  steam  ;  all  of  it  dissolved 
readily  in  the  hot  water  and  a  portion  which  distilled  over  with 
the  aqueous  vapor  after  extraction  from  the  distillateby  ether, 
proved  to  be  benzoic  acid,  melting  sharply  at  120°.  The  con- 
tents of  the  flask,  on  extraction  with  ether,  gave  a  white  solid 
melting  at  147°  to  149°,  evidently  the  5-nitrosalicylic  acid 
methyl  ether  melting  at  148°  to  149°.' 

Oxidation  of  the  ^ ,j-Di?iitro-2-oxydiphenyl  Methyl  Ether. — 
This  proved  to  be  a  much  more  difiicult  task.  Even  with  the 
strongest  chromic  acid  mixtures  no  appreciable  quantity  of 
acid  oxidation  products  was  taken  up  by  the  sodium  carbonate 
solution  as  previously  emploj-ed.  In  all  cases  the  residue  was 
the  unchanged  methyl  ether.  Although  5,3-dinitrosalicylic 
acid  methyl  ether  may  have  been  produced  in  this  manner,  the 
quantity  was  insufficient  for  its  complete  identification. 

Nitric  Acid  and  the  Nitrooxydiphenyls . — The  dinitrooxydi- 
phenyl  undergoes  vigorous  oxidation  when  boiled  for  fifteen  to 
twenty  minutes,  with  twenty  times  its  weight  of  nitric  acid  (sp. 
gr.  1.40),  in  a  long-necked  flask,  the  neck  serving  as  a 
reflux  condenser.  A  large  amount  of  carbon  dioxide  is 
evolved,  and  on  cooling  small  white  crystals  of  paranitroben- 
zoic  acid  separate  from  the  reaction-mixture.  In  like  manner 
the  mononitrooxydiphenyl,  heated  with  twenty  times  its 
weight  of  strong  nitric  acid,  gives  the  same  result,  but  as  this 
compound  does  not  dissolve  readily  in  the  nitric  acid,  the  time 

»  Ann.  Chem.  (Liebig),  150,  6  (1S69)  ;  173,  41  (1874). 
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necessary  for  the  oxidation  is  about  twice  that  required  for  the 
dinitrooxydiphenyl.  The  crystalline  product  in  each  case 
melted  at  226°  to  234°.  It  crystallizes  from  water  in  leaflets 
and  melts  at  233°  to  234°,  whereas  paranitrobenzoic  acid  melts 
at  238°. 

0.2178  gram  substance  gave  0.3982  gram  CO^  and  0.0612 
gram  H^O. 


Calculated  for 

C7H5O4N. 

Found. 

c 

50.27 

49.84 

H 

3.02 

314 

The  silver  salt  of  this  oxidation  product  was  made  by  first 
forming  the  ammonium  salt  and  then  precipitating  the  aqueous 
solution  with  silver  nitrate.  It  was  purified  by  crystallization 
from  hot  water,  from  which  it  separated  in  white  needle  clus- 
ters. 

0.1775  gram  silver  salt,  dried  over  sulphuric  acid,  gave 
0.1222  gram  AgBr. 


Calculated  for 
C7H404NAg. 

Found. 

39-38 

39-55 

Ag 

As  a  further  means  of  identification  the  methyl  ester  of  this 
oxidation  product  was  made.  Not  only  from  the  silver  salt  by 
treatment  with  methyl  iodide,  but  also  from  the  free  acid 
itself  by  the  action  of  hydrochlorated  methyl  alcohol  ;  the 
product  obtained  was  the  methyl  ester  of  paranitrobenzoic  acid. 
This  ester  is  readily  soluble  in  ether,  benzol,  alcohol,  or  hot 
ligroin,  and  after  crystallization  from  ligroin  or  dilute  alcohol 
appears  in  glistening  leaflets,  which  melt  at  94°  to  95°.  The 
melting-point  given  by  Beilstein  is  96°.  The  identity  of  the 
products  obtained  by  these  two  methods  shows  conclusively 
that  there  is  no  phenolic  hydroxyl  present,  and  therefore  leads 
to  the  conclusion  that  the  phenyl  ring  bearing  the  hydroxyl  in 
the  original  nitrooxydiphenyl  is  completel}''  broken  up.  The 
production  of  paranitrobenzoic  acid  would  naturally  point  to 
the  presence  of  some  ortho-  or  metanitrobenzoic  acid  in  the 
oxidation  mixture,  but  no  meta-acid  whatever  was  found,  and 
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only  the  smallest  traces  of  orthonitrobenzoic  acid  could  be  iso 
lated  from  the  mother-liquors. 

Action  of  Nitric  Acid  up07i  the  Nitrooxydiphenyl  Methyl  Ethers. 

Syji'f'-  Trinitro-2-oxydiphenyl  Methyl  Ether, 
CeH,(NO,).C6H,(NO,),.(OCH3).  —  The  5,3-dinitro-2-oxydi- 
phenyl  methyl  ether  was  boiled  under  a  reflux  condenser  for 
twenty  minutes  with  twenty  times  its  weight  of  niiric  acid 
(sp.  gr.  r.40).  From  the  reaction  mixture,  transferred  to 
an  open  vessel  and  concentrated  over  the  water-bath  to  one- 
third  its  volume,  small,  elongated  prisms  separate  on  cooling, 
which  melt  at  165°  to  167°,  but  on  further  crystalliza- 
tion from  glacial  acetic  acid  melt  at  170°  to  171°  (corr. ).  The 
yield  is  almost  quantitative.  This  trinitrooxydiphenyl  methyl 
ether  is  readily  soluble  in  chloroform,  ethyl  acetate,  or  boiling 
glacial  acetic  acid,  fairly  soluble  in  benzol,  and  only  sparingly 
soluble  in  ether  or  boiling  alcohol.  It  is  insoluble  in  ligroin 
or  water. 

0.1352  gram  substance  gave  0.2420  gram  CO2  and  0.0386 
gram  H^O. 

Calculated  for 
CjsHoGjNa.  Found. 

C  48.88  48.82 

H  2.84  3.19 

5,3,4:-  Trinitro-2-oxydiphenyl,  CgH,(NO,).C5H,(N02)2.  (OH) . 
— When  the  trinitrooxydiphenyl  methyl  ether,  melting  at  170° 
to  171°,  is  heated  with  a  large  excess  of  concentrated  hydro- 
chloric acid,  in  a  sealed  tube,  at  180°  to  190°,  for  from  six  to  seven 
hours,  saponification  takes  place  and  there  is  formed  the  free 
trinitrooxydiphenyl  and  methyl  chloride.  The  contents  of  the 
tube,  were  diluted  with  water,  filtered,  and  the  yellow 
product  collected.  This  trinitrooxydiphenyl  was  dissolved  by 
warming  in  a  solution  of  sodium  hydroxide  ;  the  clear  red  liquid 
thus  obtained  showed  that  the  saponification  was  complete  ; 
after  acidification  with  hydrochloric  acid,  the  yellow  precipitate 
of  trinitrooxydiphenyl  was  crystallized  from  hot  alcohol  ;  it 
melts  at  163°  to  164°  (corr.),  and  consists  of  pointed,  light  yel- 
low prisms,  irregular  in  form.  It  is  readily  soluble  in  benzol, 
ether,  or  chloroform,   fairly  soluble  in  glacial   acetic  acid  or 
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carbon  disiilphide,  and  insoluble  in  ligroin  or  water.  It  may 
also  be  crystallized  from  dilute  acetic  acid.  The  sodium  salt 
of  this  compound  is  soluble  in  alcohol,  and  though  readily  solu- 
ble in  hot  water,  is  only  fairl)'^  so  in  cold,  crystallizing  from 
water  in  matted  globular  aggregations  of  an  orange-red  color. 
0.1818  gram  substance  gave  0.3138  gram  CO.^  and  0.0454 
gram  H^O. 

Calculated  for 
CiaHjOrNs.  Found. 

C  47-18  47.08 

H  2.31  2.79 

5,3,4'-Trinitro-2-oxydiphenyl,  on  treatment  with  twenty 
times  its  weight  of  boiling  nitric  acid  (sp.  gr.  1.40),  for  .some 
twenty  minutes,  gave  crystals  of  paranitrobenzoicacid,  melting 
at  235°  to  238°. 

^ ,4! -Dmitro-2-oxydiphenyl  Methyl  Ether, 
C«H,(NO,).CeH3(NO,).(OCH3).— A  solution  of  5-nitro-2-oxy- 
diphenyl  methyl  ether,  in  ten  times  its  weight  of  glacial  acetic 
acid,  was  treated  with  three  to  four  times  its  weight  of  nitric 
acid  (sp.  gr.  1.40),  and  after  gentle  boiling  for  some  ten  to 
twelve  minutes  under  a  reflux  condenser,  was  allowed  to  cool. 
A  white  crystalline  mass  of  needle-clusters  readily  separated. 
The  same  product  may  be  obtained  when  the  5-nitro-2-oxydi- 
phenyl  methyl  ether  is  dissolved  in  concentrated  nitric  acid, 
but  the  solution  must  be  immediately  diluted  with  water  and 
rapidly  cooled,  in  order  to  prevent  further  nitration.  5,4'-Di- 
nitro-2-oxydiphenyl  methyl  ether  is  soluble  in  one  hundred 
parts  of  hot  alcohol,  from  which  it  crystallizes  in  very  fine 
white  needles.  It  is  soluble  in  warm  glacial  acetic  acid,  or  in 
hot  benzol,  crystallizing  from  each  as  the  solution  cools.  It  is 
also  readily  soluble  in  chloroform,  sparingly  in  ether,  and  in- 
soluble in  ligroin  or  water.  After  repeated  crystallization  from 
alcohol  the  melting-point  became  constant  at  222°  to  223° 
(corr.). 

0.1560  gram  substance  gave  0.3247  gram  CO,  and  0.0546 
gram  H^O. 

Calculated  for 
Ci,;Hio05No.  Found. 

C  56.90  56.80 

H  3.67  3.91 
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3,^'-Dinitro-2-oxydiphenyl,  C6H,(N02).C5H3(N02).(OH).— 
The  5,4'-dinitro-2-oxydiphenyl  methyl  ether  is  converted  into 
the  free  oxydiphenyl  by  heating  for  from  five  to  six  hours  with 
concentrated  hydrochloric  acid,  in  a  sealed  tube,  at  200  to  210°. 
The  product,  filtered  from  the  diluted  acid  mixture,  was  dis- 
solved by  warming  with  a  solution  of  sodium  hydroxide.  This 
clear  red  liquid,  filtered  from  traces  of  unsaponified  methyl 
ether,  was  then  acidified  with  hydrochloric  acid  to  reprecipitate 
the  nitrooxydiphenyl.  5,4'-Dinitro-2-oxydiphenyl  crystallizes 
best  from  dilute  alcohol  (50  per  cent.)  in  long  slender  needles, 
of  a  pale  yellow  color,  melting  at  224°  to  225°  (corr.).  It  is 
readily  soluble  in  alcohol,  ether,  chloroform,  or  glacial  acetic 
acid,  moderately  soluble  in  hot  benzol,  and  insoluble  in  ligroin 
or  water. 

0.1284  gram  substance  gave  0.2596  gram  CO2  and  0.0380 
gram  H^O. 

Calculated  for 

CioHaOjNo-  Found. 

C  55-35  55-14 

H  3.10  3.31 

The  sodium  salt  is  fairly  soluble  in  cold  water,  and  readily 
so  in  hot,  crystallizing  out  in  small  orange-red  needle  clusters. 
When  5,4'-dinitro-2-oxydiphenyl  is  boiled  with  twenty  times 
its  weight  of  nitric  acid  (sp.  gr.  1.40)  paranitrobenzoic  acid 
results,  as  in  the  oxidation  of  the  nitrooxydiphenyls  previously 
described.  If,  however,  the  compound  is  dissolved  in  glacial 
acetic  acid,  and  a  small  quantity  of  nitric  acid  added,  there 
separates,  upon  dilution  with  water,  a  yellow  precipitate  of  the 
5,3,4'-trinitro-2-oxydiphenyl  melting  at  163°  to  164°,  the  same 
product  as  is  obtained  from  the  5, 3-dinitro-2  oxydiphenyl. 

^,2' ,4.'-  Tri7iitro-2-oxydiphenyl  Methyl  Ether, 
CjHgCNO,),. C.HjCNO^)  (OCH3) .-When  5-nitro-2-oxydiphenyl 
methyl  ether  is  boiled  under  a  reflux  condenser,  for  twenty-five 
to  thirty  minutes,  with  twenty  times  its  weight  of  nitric  acid 
(sp.  gr.  1.40),  and  the  solution,  after  evaporation  to  one- third 
its  volume  over  the  water-bath,  is  allowed  to  stand,  there  sepa- 
rates a  white  crystalline  product,  melting  at  105°  to  120°. 
These  crystals,  dried  and  finely  powdered,  were  extracted  with 
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a  considerable  quantity  of  warm  alcohol.  The  residue,  after 
several  crystallizations  from  glacial  acetic  acid,  melted  at  170° 
to  171°  (corr.)>  and  is  therefore  the  5,3,4'-trinitro-2-oxydi- 
phenyl  methyl  ether.  The  clear  alcoholic  solution,  on  evapo- 
ration, gave  a  white  crystalline  product,  which,  after  several 
crystallizations  from  alcohol,  appeared  in  small  flattened 
prisms,  melting  at  104°  to  106°  (corr.).  The  two  compounds 
thus  isolated  are  produced  in  equal  quantities,  and  in  almost 
quantitative  yields.  The  same  results  are  obtained  when  the 
5,4'-dinitro-2-oxydiphenyl  methyl  ether  is  treated  with  boiling 
nitric  acid  ;  therefore  the  compounds  are  seen  to  be  isomeric. 
5,2',4'-Trinitro-2-oxydiphenyl  methyl  ether  is  readily  soluble 
in  chloroform,  ether,  benzol,  ethyl  acetate,  glacial  acetic  acid, 
or  hot  alcohol,  but  almost  insoluble  in  ligroin.  It  may  be 
crystallized  from  benzol  and  ligroin,  and  also  from  dilute  acetic 
acid. 

0.1392  gram  substance  gave  0.2483  gram  CO,  and  0.0392 
gram  HjO. 

Calculated  for 
CisHgOjNs.  Found. 

C  48.88  48.66 

H  2.84  3.15 

5,2',^'- Trinitro-2-oxydiphenyl,  C6H3(NO.,).,.C„H,,(NO,) (OH). 
— This  compound  results  upon  the  saponification  of  5,2',4'-tri- 
nitro-2-oxydiphenyl  methyl  ether  with  concentrated  hydrochlo- 
ric acid.  The  reaction  is  conducted  in  a  sealed  tube,  at  a  tem- 
perature of  160°  to  170°,  for  five  or  six  hours.  The  crude 
product  was  dissolved  in  a  solution  of  sodium  hydroxide,  and 
the  clear  red  solution  of  the  sodium  salt  acidified  with  hydro- 
chloric acid,  the  nitrooxydiphenyl  separating  as  a  pale  yellow 
precipitate.  It  is  readily  soluble  in  chloroform,  fairly  so  in 
glacial  acetic  acid,  warm  alcohol,  or  warm  benzol,  sparingly  in 
ether,  and  insoluble  in  ligroin.  It  crystallizes  from  dilute 
acetic  acid,  but  better  from  benzol  and  ligroin,  in  small  pointed 
yellow  prisms,  melting  at  152°  to  153°  (corr.).  The  sodium 
salt  is  fairly  soluble  in  cold  water,  readily  so  in  hot,  and  crys- 
tallizes in  small  orange-red  needle-clusters. 
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0.1030  gram  substance  gave  0.1780  gram  CO.^  and  0.0254 
gram  H,0. 

Calculated  for 
C12H7O7N.J.  Found. 

C  47.18  47.14 

H  2.31  2.66 

When  this  5,2',4'-trinitro-2-oxydiphenyl  is  boiled  with 
twent}'  times  its  weight  of  nitric  acid  (sp.  gr.  1.40),  for  twenty 
to  thirty  minutes,  and  the  reaction  mixture  cooled,  white  oxys- 
tals  of  2,4-dinitrobenzoic  acid  separate.  After  crystallization 
from  dilute  acetic  acid  the  melting-point  rose  to  that  of  the 
pure  acid,  179°.  This  indicates  that  the  two  nitro  groups  in 
the  second  phenyl  ring  are  meta  to  one  another. 


THE  REACTION  BETWEEN  ORGiVNIC  MAGNESIUM 
COMPOUNDS    AND    UNSATURATED    COM- 
POUNDS. 

II.    REACTIONS  WITH  DERIVATIVES  OF  CINNAMIC  ACID. 
By  E.  p.  Kohler  and  Gertrude  Heritage. 

The  experiments  described  below  were  made  in  continua- 
tion of  a  study  of  the  properties  of  substances  containing  the 
conjugated  system, 

C  :  C.C  :  O. 

In  the  first  paper'  it  was  shown  that  the  reaction  between 
substances  of  this  type  and  organic  magnesium  compounds 
varies  in  a  remarkable  way  with  the  atoms  or  groups  in  com- 
bination with  the  carbon  atom  of  the  carbonyl  group.  The 
reaction  is  always  one  of  direct  addition,  but  in  the  ca.se  of 
aldehj^des  and  of  those  ketones  that  contain  the  group 

— CH  :  CH.C  :  O, 

I 
CH3 

the  magnesium  compound  combines  exclusively  with  the  car- 

1  This  Journal,  31,  642. 
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bonyl  group,  while  only   1,4-addition  takes  place  when  the 
ketone  contains  the  group 

— CH  :  CH.C  :  O. 

I 

Two  typical  reactions  are  illustrated  by  the  following  equa- 
tions : 

CgHjCH  :  CHC  :  O  +  C^H.MgBr     = 

I 

CH.CH  :  CHC 


yOMgBr 


CH 


CeH, 


C.HjCH  :  CHC  :  O  +  C^H^MgEr     = 

C.H^CHCH  :  C 

I 
CH. 


,OMgBr 


\ 


C.H, 


In  the  first  paper  only  aldehydes  and  ketones — substances 
that  have  either  hydrogen  or  a  hydrocarbon  residue  in  com- 
bination with  the  carbonyl  group — were  considered.  In  this 
paper  the  list  is  materially  increased  ;  the  results  show 
the  influence  of  alkoxyl  groups  in  esters,  of  chlorine  in  an  acid 
chloride,  and  of  a  secondary  amine  residue  in  a  substituted 
acid  amide.  It  will  be  seen  that  the  principal  reaction  with 
all  of  these  substances  consists  in  1,4-addition  of  the  magne- 
sium compound  to  the  conjugated  system.  The  reactions  of 
raethylmagnesium  iodide  apparently  form  an  exception,  as 
these  invariably  give  magnesium  derivatives  of  au  unsaturated 
tertiary  alcohol  : 


C.H^CH  :  CHCOOCH,  +  2CH3MgI 


/^'^^  ^OCH, 


CeH^CH  :  CHC— OMgl  4-  Mg< 


^CH, 
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The  reason  for  this  is  evident.  The  magnesium  compound 
which,  as  is  known,  reacts  considerably  more  readily  than  the 
corresponding  aromatic  compounds,  first  replaces  the  methoxyl 
group  with  methyl  : 

C.H.CH  :  CHC  :  O  +  CH^Mgl     = 

OCH, 

QH.CH  :  CHC  :  O  +  CHjOMgl. 

CH3 

The  result  is  an  unsaturated  ketone  of  the  type  that  gives 
only  1,2-addition-products  with  magnesium  compounds.  This 
explanation  is  supported  by  the  fact  that,  when  the  ordinary 
method  of  procedure  is  reversed,  so  that  the  magnesium  com- 
pound is  gradually  added  to  an  excess  of  the  ester,  it  is  possi- 
ble to  isolate  a  considerable  quantitj^  of  the  unsaturated 
ketone. 

The  method  of  proving  that  1,4-addition  had  taken  place  in 
any  given  case,  was  the  same  as  that  used  in  the  work  de- 
scribed in  the  previous  paper  ;  the  magnesium  compound  was 
treated  with  benzoyl  chloride,  and  the  formation  of  an  ester 
of  benzoic  acid  was  regarded  as  proof  that  the  magnesium  had 
been  in  combination  with  oxygen.  In  support  of  this  method, 
it  has  been  found  that  when  magnesium  compounds,  in  which 
the  magnesium  is  undoubtedly  linked  to  oxj^gen,  are  treated 
with  benzoyl  chloride  under  the  same  conditions,  they  readily 
react  to  form  esters  of  benzoic  acid.  When  benzaldeh5'de,  for 
example,  reacts  with  phenylmagnesium  bromide,  the  product 
must  have  the  magnesium  linked  to  oxygen  because  it  gives 
benzhydrol  when  decomposed  with  water.  When  the  mag- 
nesium compound  before  decomposition  with  water,  is  treated 
with  benzoyl  chloride,  it  gives  a  very  good  yield  of  benzhy- 
drol benzoate : 

(C,H,).,CHOMgBr  +  C,H,C0C1     -= 

(C6H,),CHOCOC.H,  +  MgBrCl. 

The  magnesium  compounds  described  below  are,  so   far  as 
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we  know,  the  only  1,4- addition-products  of  a./J-unsaturated 
acids  that  have  thus  far  been  obtained.  Their  formation  and 
properties  lend  strong  support  to  Thiele's  view  that  the  "  ap- 
parent activity"  of  the  double  union  between  the  carbon  atoms 
of  this  type  of  unsaturated  acids  is  due  to  the  possibility  of 
1,4-addition  to  the  conjugated  system, 

C=C— C=0. 

In  most  cases  the  product  formed  by  1,4-addition  to  this  group 
immediately  undergoes  rearrangement,  but,  by  reason  of 
its  peculiar  composition,  a  magnesium  compound,  like  that 
represented  by  the  formula 

/OMgBr 
(C,H,),CH-CH  :  C<( 

is  stable.  The  corresponding  acyl  derivatives  are  also  capa- 
ble of  existence,  hence  there  is  no  rearrangement  when  the 
magnesium  compound  reacts  with  an  acid  chloride  : 

C,H,.  ,OMgBr 

>CH-CH=C<  ^    CICOC.H,     = 

CeH/  \OCH3 

CeHjv  /OCOQHj 

MgBrCl  +  >CH— CH=C< 

C,H/  ^OCH, 

The  corresponding  hydrogen  and  halogen  compounds,  on 
the  other  hand,  represent  types  that  are,  as  is  known,  ex- 
tremely unstable,  hence  the  products  formed  by  the  action  of 
water,  of  acids  and  of  the  halogens,  on  these  magnesium  com- 
pounds, immediately  undergo  rearrangement  into  a  more  stable 
form : 

/OMgBr 
(C,H,),CHCH  :  C<(  +  HX     = 

/Br  /OH 

Mg<       +  (C«H,),CHCH  :  C<;  ^ 

\X  ^OCH, 

(QHJ,CHCH,C:f 

^OCH, 
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/OMgBr 
(C,HJ,CHCH  :  C<  +  Br,     = 

\OCH3 

/OBr 
MgBr,  -f  (C,H,),CHCH  :  C/  -- 

^OCH, 

(QHJ.CHCHBrC^ 

Before  describing  the  experiments  we  desire  to  point  out  that 
this  paper  deals  only  with  the  primary  products  obtained  by 
the  reaction  under  consideration.  The  addition-products,  ob- 
tained by  1,4-addition  of  magnesium  compounds  to  unsaturated 
compounds,  as  a  rule,  readily  combine  with  more  of  the  unsatu- 
rated compound  and,  unless  special  precautions  are  taken,  the 
final  result  is  a  mixture  of  a  number  of  exceedingly  complex 
substances.  With  methyl  cinnamate  and  phenylmagnesium 
bromide,  for  example,  we  have  obtained  no  less  than  five  of 
these  complex  secondar}^  products  that  we  expect  to  consider 
in  a  subsequent  paper. 

EXPERIMENTAL. 
/.   Reactions  with  Esters. 

Methyl  Cinnam.ate  and  Phenylmagnesium  Bromide:  Methyl 
p,fi-Diphenylpropio7iate,  (C.HJ.CHCH.COOCH,.— A  dilute 
ethereal  solution  of  the  ester  was  added,  drop  by  drop,  to  a  solu 
tion  of  the  magnesium  compound  that  was  kept  at  — 10°  in  a 
freezing-mixture.  Each  drop  of  the  ester  produced  a  yellow  pre- 
cipitate that  redissolved  until  the  liquid  contained  somewhat 
more  than  i  molecule  of  ester  for  2  molecules  of  the  magnesium 
compound.  At  this  stage  the  yellow  compound  no  longer  dis- 
appeared even  after  vigorous  shaking,  hence  the  addition  of 
ester  was  discontinued.  The  liquid  was  allowed  to  remain  in 
the  freezing-mixture  for  two  hours,  and  for  one  more  hour  at 
the  ordinary  temperature.  It  was  then  poured  into  a  separa- 
ting funnel  containing  finely  crushed  ice  and  shaken  until  the 
magnesium  compound  was  completely  decomposed.  After  dis- 
solving the  magnesium  salts  in  iced  hydrochloric  acid,   the 
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ethereal  laj'er  was  separated  washed,  and  dried  with  sodium 
sulphate.  The  ethereal  solution,  on  evaporation  in  a  current 
of  dry  air,  left  an  oil  that  partially  solidified  in  a  freezing-mix- 
ture. The  solid  was  removed  as  completely  as  possible  by 
adding  low-boiling  ligroin  to  the  oil  and  filtering.  After  one 
recrystallization  from  alcohol  it  was  found  to  be  pure  diphenyl- 
propiophenone.  The  ligroin  was  evaporated  and  the  oily  resi- 
due exposed  to  a  low  winter  temperature  for  several  days, 
when  it  solidified  almost  completely.  The  solid  was  dried  on 
a  porous  plate,  and  recrystallized  from  a  mixture  of  ligroin  and 
ether.     An  analysis  gave  the  following  results  : 

0.1640  gram  substance  gave  0.4798  gram  CO^  and  0.1004 
gram  H^O. 

Calculated  for 

CioHioO...  Found. 

C  80.00  79-73 

H  6.66  6.79 

The  substance  has  th^  composition  of  a  methyl  ester  of  di- 
plienylpropionic  acid.  It  gave  y^,/?-diphenylpropionic  acid 
when  hydrolyzed,  and  it  was  further  identified  by  comparison 
with  a  specimen  of  the  ester  obtained  by  boiling  /3,/^-diphenyl- 
propionic  acid  with  a  3  per  cent,  solution  of  hydrochloric  acid 
in  methyl  alcohol.  The  ester  crystallizes  from  ether  or  ligroin 
in  large  lustrous  prisms  that  melt  at  47°.  It  is  readily  soluble 
in  alcohol,  ether,  and  boiling  ligroin  ;  moderately  soluble  in 
cold  ligroin. 

These  results  show  that  the  phenyl  group  in  the  magnesium 
compound  goes  to  one  end  of  the  conjugated  system,  but  they 
do  not  indicate  the  fate  of  the  magnesium  atom.  To  locate 
this  the  magnesium  compound  was  prepared  as  before,  and 
treated  with  an  ethereal  .solution  of  benzoyl  chloride,  con- 
taining I  molecule  of  the  chloride  for  each  atom  of  magnesium 
used  in  the  preparation  of  phenylmagnesium  bromide.  The 
reaction  took  place  in  the  cold,  the  product  separating  as  a 
crystalline  solid.  This  was  filtered  off,  washed  with  dilute  hy- 
drochloric acid  and  recrystallized  from  acetone.  It  was  thus 
separated  into  two  benzoyl  compounds,  one  of  which — the  less 
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soluble — was  the  benzoic  acid  ester  described  in  a  previous 
paper.  The  more  soluble  substance  is  much  less  stable.  After 
repeated  solution  in  cold  acetone  and  precipitation  with  abso- 
lute alcohol  it  was  obtained  in  long,  silky,  white  needles,  melt- 
ing at  130°  to  133°.  An  analysis  gave  the  following  results  : 
0.1591  gram  substance  gave  0.4668  gram  CO.^  and  0.0861 
gram  HjO. 


Calculated  for 

C23H20O3. 

Found. 

c 

80.23 

80.00 

H 

5-83 

6.01 

The  compound  is  evidently  a  benzoate,  since  it  is  very  easily 
hydrol^'zed  to  benzoic  acid  and  methyl  diphenylpropionate. 
For  this  purpose  it  is  suflScient  to  suspend  the  substance  in 
water  and  distil  in  a  current  of  steam  ;  benzoic  acid  passes 
into  the  distillate  while  pure  diphenylpropionic  ester  remains 
l^ehind.     These  results  may  be  summed  up  as  follows  : 

1.  Some  of  the  ester  reacts  with  phenylmagnesium  bromide 
like  an  ester  of  a  saturated  acid,  giving  the  corresponding  ke- 
tone : 

C^HsCH  :  CHCOOCH3  -f  CfiH.MgBr     = 

C.H^CH  :  CHCOQHs  +  MgOCH,Br. 

This  ketone  immediately  combines  with  a  second  molecule 
of  the  magnesium  compound  : 

C.H^CH  :  CHCOC.H,  -f  CeH^MgBr     = 

C,H,.  /OMgBr 

>CH.CH  :  C< 
c,h/  \QH3 

2.  The  rest  of  the  ester  combines  directly  with  the  magne- 
sium compound  : 

CeH^CH  :  CHCO  +  QH^MgEr 


OCH, 


CeH,.  /OMgBr 

>CHCH  :  C< 
an/  \0CH, 


28  Kohler  and  Heritage. 

The  relative  amounts  of  ketone  and  ester  formed  var^'  with 
the  temperature.  At  — io°  the  amount  of  ketone  obtained 
rarely  exceeds  5  per  cent,  of  the  entire  product,  while  at  the 
temperature  of  boiling  ether,  the  amount  may  rise  to  20  per 
cent. 

The  relative  amounts  of  ketone  and  ester  produced  also  vary 
with  the  different  esters  of  cinnamic  acid.  The  ethyl  ester 
gives  only  a  trace  of  ketone  at  — 10°,  and  less  than  10  percent 
at  the  temperature  of  boiling  ether.  The  amyl  ester  gives  only 
a  trace  of  ketone  at  the  higher,  and  none  at  the  lower  tempera- 
ture. 

Methyl  Cinnamate  and  Methylmagnesium  Iodide :    Dimethyl- 
,       xl£C  JZAA^atit-  p.  hH7  /CH3 
sifAl  Carbinol:  QH^CH  :  CHC— OH  .—The  substances  were 

allowed  to  react  under  a  variety  of  different  conditions.  In 
some  experiments  an  ethereal  solution  of  the  ester  was  gradu*»* 
ally  added  to  an  excess  of  the  magnesium  compound  at  the 
temperature  of  a  freezing-mixture  ;  in  others  the  reaction  was 
carried  out  in  boiling  ether  and  in  still  others  in  boiling  ben- 
zene. The  result  was  the  same  in  all  cases.  After  removing 
the  magnesium  salts  and  evaporating  the  ether,  there  remained 
an  oil  from  which  no  solid  substances  could  be  obtained  and 
which  could  not  be  distilled,  even  in  a  vacuum,  without  decom- 
position. As  the  oil  was  not  hydrolyzed  when  boiled  with  al- 
coholic potash,  it  contained  no  ester,  and  because  it  gave  no 
oxime  when  boiled  with  an  alcoholic  solution  of  hydroxy  lamine 
hydrochloride  and  potassium  hydroxide,  it  contained  no  ketone. 
It  readily  reduced  cold  alkaline  solution  of  potassium  per- 
manganate. 

Twenty  grams  of  the  oil,  suspended  in  ice-water,  were  treated 
with  a  cooled  solution  of  potassium  permanganate  until  no  fur- 
ther reduction  took  place.  Nearly  all  of  the  oil  went  into  so- 
lution ;  the  rest  was  extracted  with  ether.  The  oxides  of 
manganese  were  filtered  off  and  the  filtrate  concentrated  on  a 
water-bath.  On  acidifying  the  concentrated  solution  benzoic 
acid  was  precipitated.     This  was  filtered  off  and  a  small  quan- 
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tity  of  the  same  acid  that  remained  in  solution  removed  by  dis- 
tillation in  a  current  of  steam.  From  the  liquid  left  after  dis- 
tillation ether  extracted  a  different  acid,  which  remained  as  a 
crystalline  solid  when  the  ether  was  evaporated.  This  was 
found  to  be  oxyisobutyric  acid.  It  melted  at  79°  and  sublimed 
at  the  temperature  of  the  water-bath.  These  oxidation-prod- 
ucts— benzoic  and  oxyisobutyric  acids — show  that  the  reaction 
between  methyl  cinnamate  and  methylmagnesium  iodide,  re- 
sults   mainlv     in     the    formation    of    the    tertiary    alcohol, 

QHjCH  :  CHC— OH  ,  the  oxidation  taking  place  at  the  double 

\CH3 

linkage. 

The  part  of  the  product  that  was  not  affected  by  the  oxidi- 
zing agent  was  less  than  5  per  cent  of  the  whole.  It  was  a 
volatile  oil,  with  a  very  pronounced,  characteristic  odor  and 
was  not  formed  by  the  permanganate  because  the  same  oil  was 
obtained  by  distilling  the  original  product  in  a  current  of  steam. 
It  boils  under  diminished  pressure  without  decomposition,  most 
of  it  distilling  at  128°  under  a  pressure  of  11  mm.  The  frac- 
tion boiling  at  this  temperature  gave  the  following  results  on 
analysis  : 

0.1611  gram  substance  gave  0.5086  gram  COj  and  0.1264 
gram  H^O. 

Calculated  for 

CooHogO.  Found. 

C  86.28  86.10 

H  8.50  8.72 

The  composition  of  the  substance  corresponds  to  that  of  an 
ether  represented  by  the  formula  [C^H^CH  :  CCCHj)^,©.  The 
substance  combines  with  bromine  and  reduces  boiling  alka- 
line solution  of  potassium  permanganate.  Since  it  is  evidentl}^ 
a  very  subordinate  product  of  the  reaction,  it  was  not  investi- 
gated any  further. 

When  an  ethereal  solution  of  methylmagnesium  iodide  is 
slowly  siphoned  into  a  solution  of  the  ester  that  is  kept  in  a 
freezing-mixture,  the  product  contains  a  considerable  quantity 
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of  benzalacetone,  in  addition  to  the  substances  described  above. 
This  was  isolated  as  follows  :  The  oil  was  first  distilled  with 
steam  to  remove  the  ether,  then  dried  in  an  evaporating  dish 
on  the  water-bath  and  repeatedly  extracted  with  low-boiling 
ligroin.  The  ligroin  solution,  on  evaporation,  left  an  oil  that 
partially  solidified  when  seeded  with  a  crystal  of  benzalacetone. 
The  solid  was  dried  on  a  porous  plate  and  recrystallized  from 
ligroin.  It  melted  sharply  at  36°,  the  melting-point  of  benzal- 
acetone, and  gave  dibenzalacetone  with  benzaldehyde  and  sodium 
hydroxide.  The  yield  was  small  4.8  grams  of  ketone  from  20 
grams  of  methyl  cinnamate. 

//.  Reactions  with  Cinnamyl  Chloride. 

Cinnamyl  Chloride  and  Phenylmagnesium  Bromide. — The 
substances  reacted  energetically  when  brought  together  in  di- 
lute ethereal  solution  at  — 20°.  The  product,  separated  in  the 
usual  way,  was  a  thick  viscous  liquid  that  evidently  contained 
a  number  of  different  substances.  After  removing  some  brom- 
benzene  and  diphenyl  by  distillation  in  a  current  of  steam  and 
a  small  quantity  of  cinnamic  acid  by  extraction  with  boiling 
water,  the  remainder  of  the  product  was  boiled  for  two  hours 
with  alcoholic  potash,  and  the  solution  evaporated  to  dryness. 
A  partial  separation  of  the  residue  was  obtained  by  boiling 
with  water  and  filtering.  The  part  that  was  in.soluble  in 
water — approximately  20  per  cent  of  the  entire  product — was 
recrj'stallized  from  alcohol.  It  was  mainly  diphenylpropio- 
phenone  mixed  with  complex  substances  that  were  not  investi- 
gated. 

From  the  aqueous  solution,  which  contained  potassium  chlo- 
ride and  potassium  salts  of  organic  acids,  dilute  hydrochloric 
acid  precipitated  two  acids  that  were  separated  by  fractional 
recrystallization  from  boiling  water.  One  was  cinnamic  acid, 
the  other  /?,/?-diphenylpropionic  acid. 

It  is  evident,  from  these  results,  that  the  primary  reactions 
of  cinnamylchloride  are  exactly  like  those  of  the  esters  of  cin- 
namic acid.     A  part   of  the  chloride  reacts  like  chlorides  of 
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saturated  acids  and  forms  an  unsaturated  ketone — benzalaceto- 
phenone.  This  combines  with  a  second  molecule  of  phenyl- 
magnesium  bromide  to  form  a  magnesium  compound  that,  in 
turn,  reacts  with  a  second  molecule  of  the  chloride  : 


C.H.v  ,0  MgBr  +  CliCOCH  :  CHQH^ 

>CHCH  :  C<      = 

C,H/  \C,H, 

CgH.v  /OCOCH  :  CHC^Hj 

MgBrCl  +  >CHCH  :  C< 

C,H/  ^C,H, 

When  the  resulting  cinnamate  is  boiled  with  alcoholic  potash 
it  gives  potassium  cinnamate,  and  diphenylpropiophenone. 

Another  part  of  the  acid  chloride  combines  directly  with 
phenylmagnesium  bromide. 

C,H,CH  :  CHCOCl  +  QHjMgBr     = 

C«H,.  .OMgBr 

>CHCH  :  C<; 
QH^/  \C1 

The  resulting  magnesium  compound  also  reacts  with  an  ad- 
ditional molecule  of  the  acid  chloride.  The  product  is  a  cin- 
namate that,  when  decomposed  with  alcoholic  potash,  gives 
potassium  cinnamate,  and  the  potassium  salt  of  diphenylpro- 
pionic  acid. 

///.   Reactions  with  the  Ethyl  Atiilide  of  Cinnaviic  Acid. 

Cinnaviyl Ethyl Anilide,Z^^Q,YL  :  CHCONCC.HJC.Hs.— To 
prepare  the  ethyl  anilide  of  cinnamic  acid,  pure,  distilled  cin- 
namyl  chloride  was  gradually  added  to  an  excess  of  ethyl  ani- 
line. The  reaction  which  took  place  in  the  cold  was  com- 
pleted by  warming  for  an  hour  on  a  water-bath.  The  result- 
ing oil  was  poured  into  dilute  hydrochloric  acid,  the  insoluble 
portion  dissolved  in  ether,  and  the  ethereal  solution  washed 
with  dilute  hydrochloric  acid  and  with  a  dilute  solution  of 
sodium  carbonate.  The  ether,  on  evaporation,  left  a  greenish- 
yellow  oil  that  solidified  on  standing.  The  solid  was  purified 
by  recrystallization  from  low-boiling  ligroin.  It  may  also  be 
purified  by  solution  in  ether  and  precipitation  with  ligroin, 
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but  has  a  strong  tendency  to  separate  from  solution  as  an 
oil.  From  ligroin  it  crystallizes  in  large  colorless  prisms  that 
melt  at  74°.  It  is  readily  soluble  in  ether,  alcohol,  chloro- 
form, and  carbon  bisulphide  ;  moderately  soluble  in  boiling 
ligroin.     An  analysis  gave  the  following  results  : 

0.1280  gram  substance  gave  0.5409  gram  CO.^  and  0.1117 
gram  H,0. 

Calculated  for 

CjUnON.  Found. 

C  81.28  81.05 

H  6.77  6.82 

Diphenylpropionethyl  Amlide, 

(C6H5)2CH.CH,CON<(  .—When   an  ethereal  solution   of 

cinnamic  acid  ethyl  anilide  was  added,  drop  by  drop,  to 
a  solution  of  phenylmagnesium  bromide,  each  drop  produced 
a  white  precipitate,  which  rapidly  disappeared  on  shaking,  un- 
til the  liquid  contained  almost  i  molecule  of  the  anilide  for 
each  atom  of  magnesium  that  was  used  in  the  preparation  of 
the  magnesium  compound.  As  soon  as  the  precipitate  no 
longer  disappeared  on  shaking,  the  mixture  was  poured  into 
iced  hydrochloric  acid,  and  the  product  of  the  reaction  isolated 
in  the  usual  way.  The  result  was  an  oil  that  could  not  be  ob- 
tained in  solid  form.  The  oil  contained  nitrogen,  and  the 
products  of  hydrolysis  show  that,  for  the  most  part  at  least,  it 
was  the  ethyl  anilide  of  y5,/3-diphenylpropionic  acid. 

For  the  purpose  of  hydrolysis,  20  grams  of  the  oil  were 
heated  at  150°,  for  eight  hours,  with  concentrated  hydrochloric 
acid.  The  contents  of  the  tube  were  then  diluted  with  water 
and  extracted  with  ether.  The  ether,  on  evaporation,  left  12.5 
grams  of  an  acid  that  melted  sharply  at  150°  after  one  recrystal- 
lization  from  dilute  alcohol,  and  was  /?,/?-diphenylpropionic 
acid.  The  aqueous  solution  from  which  the  acid  had  been  re- 
moved was  evaporated  to  dryness,  the  green  residue  dissolved 
in  water,  the  solution  made  alkaline  with  potassium  hydrox- 
ide, and  distilled  in  a  current  of  steam.     Ethyl  aniline,  boiling 
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at  195°,  passed  into  the  distillate.  The  12.5  grams  of  acid 
correspond  to  90  per  cent  of  diphenylpropion  ethyl  anilide.  At 
least  90  per  cent  of  the  original  anilide,  therefore,  reacted  ac- 
cording to  the  equation  : 

C.H.CH  :  CHC=0  +  QH^MgBr     = 

OMgBr 


\CHCH  :  C<  p  „ 

p  XT  /  \       /^a"^5 


The  magnesium  compound  that  is  formed  has  the  same 
general  properties  as  those  magnesium  compounds  obtained 
from  esters  by  the  same  reaction.  When  decomposed  with 
water  or  acids  the  product  is  the  ethyl  anilide  of  a  saturated 
acid.  On  treatment  with  bromine  it  gives  a  brom  substitu- 
tion-product of  this  anilide,  as  shown  by  the  following  experi- 
ment : 

An  ethereal  solution  of  25  grams  of  cinuamyl  ethyl  anilide 
was  added  to  a  solution  of  phenylmagnesium  bromide,  ob- 
tained by  dissolving  2.6  grams  of  magnesium  in  18  grams  of 
brombenzene.  After  boiling  the  mixture  for  half  an  hour  it 
was  cooled  in  a  freezing-mixture  and  treated  with  bromine 
that  had  been  distilled  from  phosphorus  pentoxide.  The  bro- 
mine was  added  very  slowly,  from  adropping-funnel,  until  the 
red  color  of  the  liquid  showed  a  slight  excess.  The  thick, 
pasty  liquid  obtained  in  this  way  was  immediately  poured  into 
water.  The  ethereal  layer  was  separated,  washed  with  dilute 
sodium  carbonate  until  colorless,  and  dried  with  sodium  sul- 
phate. On  evaporating  the  ether,  a  solid  separated  in  large, 
lustrous  prisms.  The  substance  was  purified  by  recrystalliza- 
tion  from  alcohol  until  the  melting-point  remained  constant  at 
178°.     An  analysis  gave  the  following  results  : 

0.1632  gram  substance  gave  0.4039  gram  CO,  and  0.0819 
gram  H^O. 
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Calculated  for 
C.;,H..w:ONnr.  Found. 

C  67.65  67.49 

H  5-40  5-58 

Diphenylbronipropion  ethyl  anilide  crystallizes  in  large,  col- 
orless prisms.  It  is  readily  soluble  in  chloroform,  acetone, 
and  boiling  alcohol  ;  moderately  in  ether  and  cold  alcohol  ; 
sparingly  in  ligroin. 

Diphenylbrompropionic  acid,  (CgH5)^CH.CHBrCO.^H,  was 
obtained  by  hydrolyzing  the  eth5'l  anilide  with  concentrated 
hydrochloric  acid  in  a  sealed  tube.  It  was  purified  by  recrys- 
tallization  from  a  mixture  of  ether  and  ligroin.  The  analj'sis 
gave  the  following  results  : 

0.1485  gram  substance  gave  0.3203  gram  CO.,  and  0.0601 
gram  H.^0. 

Calculated  for 
CioHliC'^-  Found. 

C  59.01  '  58.81 

H  4.26  4.50 

Tlie  acid  is  readily  soluble  in  alcohol  and  in  ether,  sparingly 
in  ligroin,  insoluble  in  water.  It  melts  with  decomposition  at 
about  164°.  When  boiled  with  alcoholic  potash  it  slowly  loses 
hydrobromic  acid  and  passes  into  /?-phen}lcinnamic  acid.  As 
this  is  the  easiest  way  of  getting  /3-substituted  ciunamic  acids, 
an  effort  was  made  to  prepare  the  brom  acid  by  direct  bromina- 
tiou  of  diphenylcinnamic  acid  by  the  Hell-Volhard-Zelinsky 
method,  but  it  was  found  that  the  acid  bromide,  which  is 
formed  intermediately,  so  easily  undergoes  internal  condensa- 
tion that  the  main  product  invariably  is  phenylhydrindone  : 


(C,H,).,CHCH,CO.,H  ->  (C,H,).,CHCH,COBr 


(i-Phenylcinnamic  Acid,  (QHJ.^C  :  CHCO^H. — An  alcoholic 
solution  containing  10  grams  of  diphenylbrompropionic  acid 
was  boiled  for  four  hours  with  an  excess  of  potassium  hydrox- 
ide.    The  .solution  was  poured  into  water,  the  alcohol  removed 
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by  distillation,  and  the  aqueous  solution  concentrated  on  the 
water-bath  and  acidified.  The  solid  acid  that  separated  was 
free  from  bromine.  The  yield  was  good — 7  grams  instead  of 
7.3  grams  calculated — and  the  product  almost  pure,  as  one  re- 
crystallization  from  aqueous  alcohol  gave  a  substance  melting 
sharply  at  142°.     The  analysis  gave  the  following  results  : 

0.1206  gram  substance  gave  0.3547  gram  CO^  and  0.0594 
gram  H^O. 

Calculated  for 

CijHioOo.  Found. 

C  80.35  80.25 

H"  5.35  5-50 

/^-Phenylcinnamic  acid  crystallizes  in  colorless  needles.  It 
is  readily  soluble  in  alcohol  and  in  ether,  moderately  in  boiling 
water,  sparingly  soluble  in  ligroin.  It  does  not  combine  with 
bromine  at  ordinary  temperatures,  but  instantly  reduces  cold 
solution  of  potassium  permanganate.  The  products  of  oxida- 
tion are  benzophenone,  carbon  dioxide,  and  water. 

Chemical  Laboratory, 

Bryn  Mawr  College, 

August,  1904. 


THE  REACTION  BETWEEN  ORGANIC  MAGNESIUM 
COMPOUNDS  AND  UNSATURATED  COMPOUNDS. 

III.     REACTIONS  WITH  COMPOUNDS  CONTAINING  BROMINE. 
By  E.  p.  Kohler  and  Ruth  M.  Johnstin. 

The  principal  object  of  the  experiments  described  below  was 
to  ascertain  to  what  extent  the  reactions  considered  in  previous 
papers'  are  influenced  by  the  presence  of  halogen  atoms  in  the 
o'-position.  Incidentally  we  also  studied  the  reaction  between 
organic  magnesium  compounds  and  some  di halogen  compounds 
obtained  by  the  addition  of  bromine  to  a, ^-unsaturated  acids 
and  «,  ^-unsaturated  ketones. 

We  have  found  that  the  presence  of  a  halogen  atom  in  the 
a-position  does  not  materially  affect  the  primary  reaction  be- 
tween organic  magnesium  derivatives  and  unsaturated  com- 

'  This  JOURXAL,  31,  642  ;  33,  2!. 
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pounds.     This  is  clear  from  the  reactions  of  o'-bromcinnamic 
ester,  as  illustrated  by  the  following  equations  : 

I.  C,H,CH  :  CCOOC.H-  +  C.H^MgBr    = 


Br 


/OMgBr 
(C,H,),CH.C:C/ 

I        ^OC.,H. 


Br 

II.  C«H,CH  :  CCO.OC.H-,  +  aC.H.MgBr     =- 

I 
Br 


/OMgBr 

CC«H,),CH.C  :  Cr 


Br 

III.  QH.CH  :  CCO.OC.H.  +  aCHjMgl     = 

1 
Br 


6        3 


yCH, 


C,H,  CH  :  C—C— OMgBr. 
ir      ^C«3 

All  these  reactions  are  exactly  like  the  corresponding  ones  with 
cinnamic  ester.  The  o'-halogen  atom,  however,  diminishes  the 
tendency  to  form  secondary  products.  With  o'./J-uusaturated 
esters  and  o'jy^-unsaturated  ketones  that  have  hydrogen  in  the 
ar-position,  secondary  reactions  invariably  take  place  unless  the 
magnesium  compound  is  in  large  excess  and  the  reaction  is  car- 
ried out  in  a  freezing-mixture.  With  o'-brom  substitution- 
products  of  these  substances  the  reactions  can  be  carried  out  at 
the  ordinary  temperature,  and,  if  the  magnesium  compound  is 
in  sufficient -excess,  even  at  the  boiling-point  of  ether,  without 
fear  of  secondary  products. 

It  will  be  seen  that  we  regard  brombenzalacetophenone  as 
an  a-substitution-product  although,  hitherto,  it  has  always 
been  regarded  as  a  ^-bromketone.  The  substance  was  first 
made  by  Wislicenus  and  Schmidt,'  by  eliminating  i  molecule 

1  .\iin.  Chem.  (Liebig),  308,  219. 
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of  hydrobromic  acid  from  benzalacetophenone  bromide.  This 
reaction  would  certainly  be  expected  to  give  an  «r-bromketone, 
because  in  all  cases  in  which  hydrobromic  acid  has  been  elimi- 
nated from  an  a.yS-dibrom  aldehyde,  acid,  or  ester,  the  result 
has  been  an  a-brom  derivative.  Wislicenus  and  Schmidt  give 
no  reasons  for  assuming  a  different  result  in  the  case  of  benzal- 
acetophenone bromide,  but  their  formula  was  evidently  based 
on  the  following  transformation.  By  boiling  the  bromide 
wdth  alcoholic  potash  they  obtained  dibenzoylmethane  and  a 
substance  which  they  regarded  as  either  an  enol  modification 
of  ordinary  dibenzoylmethane  or  else  a  stereoisomer  of  that 
substance,  which  may  itself  be  an  enol  modification.  Assu- 
ming that  these  compounds  were  obtained  as  a  result  of  direct 
replacement  of  bromine,  they  represented  the  reaction  by  the 
equation  : 

QH^CBr  :  CHCOC^Hj  +  KOH     = 

QH5C  :  CHCOCeH,     »->     QH^COCH^COCeHs. 

OH 

Quite  recently  Ruhemann  and  Watson^  have  found  that  the 
substance  obtained  by  the  action  of  potassium  hydroxide  on 
brombenzalacetophenone  does  not  have  the  composition  of  di- 
benzoylmethane, but  that  of  an  ethoxyl  compound  containing 
ethoxyl  in  place  of  bromine.  Ruhemann  and  Watson  retain 
the  earlier  formula  for  the  bromketone  and  assume  that  the 
ethoxyl  compound  is  formed  either  hy  direct  replacement  of 
bromine,  or  by  preliminary  loss  of  hj'^drobroraic  acid  and  sub- 
sequent addition  of  alcohol  to  the  resulting  acetylene  ketone. 
There  can  be  no  doubt  that  the  ethoxyl  compound  is  a  /?-sub- 
stitution-product  of  benzalacetophenone,  but  neither  this  nor 
any  other  reaction  that  involves  the  elimination  of  the  bromine 
atom  can  be  used  to  determine  the  structure  of  the  brom  ke- 
tone. It  is  well  known  that  in  compounds  having  halogen  in 
combination  with  doubly  linked  carbon  it  is  easier  to  eliminate 
the  halogen  as  a  halogen  acid  than  to  replace  it.  It  seems 
probable,  therefore,  that  in  all  transformations  of  these  sub- 
stances in  which  the  halogen  is  apparently  substituted,  the 

1  J.  Chem.  Soc,  85,  456. 
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product  that  is  obtained  is,  in  reality,  the  result  of  addition  to 
an  acetylene  compound,  formed  by  loss  of  halogen  acid  from 
the  ethylene  derivative.  In  accordance  with  a  well-known 
rule,  this  product  will  always  be  a  /^-derivative.  Moreover, 
Moureu  and  Brachin'  have  found  that,  in  the  presence  of  alka- 
lies, acetylene  ketones  readily  combine  with  alcohols  to  form 
y^-alkoxyl  derivatives  of  ethylene  ketones. 

Our  evidence  as  to  the  structure  of  brombenzalacetophenone 
seems  conclusive.  Phenylmagnesium  bromide  combines  with 
n?-bromcinnamic  ester  to  form  a  magnesium  compound  which, 
when  decomposed  with  water,  gives  diphenylbrompropiophe- 
none,  in  which  the  bromine  must  be  in  the  ^-position.  The 
same  bromketone  is  obtained  when  the  addition-product  of 
X  "^phenylmagnesium  bromide  and  brombenzalacetophenone  is  de- 
',  composed  with  water.  The  bromine  in  brombenzalacetophe- 
none must,  therefore,  also  be  in  the  o'-position. 

The  experiments  with  dihalogen  compounds  were  made  in 
''v  the  hope  that  it  might  be  possible  to  get  un.saturated  tertiary- 
alcohols,  like  diphenylstyrilcarbinol,  indirectly,  by  first  mak- 
ing the  corresponding  dihalogen  compounds  and  subsequently 
removing  bromine.  It  was  found,  however,  that  the  magne- 
S  sium  compounds  invariably  eliminate  either  hydrobromic  acid 
^  or  bromine  and  subsequently  combine,  in  the  usual  way,  with 
the  resulting  unsaturated  compounds.  Two  typical  reactions 
are  illustrated  by  the  following  equations  : 

QH.CHBrCHBrCO.OC.H.  +  sCgH.MgBr     = 

/OMgBr 
(C,H,),CH-CH  :  C<  +  QH,.C«H,  +  2MgBr, ; 


■V> 


C,H,CHBrCHBrCOC,H,  +  2C6H5MgBr     = 

/OMgBr 


(C,H;),CH-CBr  :  C<r  +  C,H,  -f  MgBr,. 

\r 


The  unsaturated  magnesium  compound  is  formed  even  when 
the  ketone  contains  but  one  halogen  atom  : 

1  Cheni.  Ztg.,  28,  731. 
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( C.HO^CHyCHBrCOCgH,  +  2CeH5MgBr     = 

/OMgBr 
(CeH,),CHCH  :  C<  +  QH^.C^H,  -t  MgBr,. 

^C  H 

EXPERIMENTAL. 

/.  Reactions  with  Unsaturated  Compoitnds. 

Phenylmagn esiu m  Brom ide  a nd Ethyl  a-Bromcin namate.  — An 
ethereal  solution  of  27  grams  of  the  ester  was  added,  grad- 
ually, to  a  solution  of  phenj-lmagnesium  bromide,  obtained  by 
dissolving  5  grams  of  magnesium  in  33  grams  of  brombenzene 
and  100  grams  of  ether.  As  soon  as  the  yellow  precipitate 
that  first  formed  had  completely  disappeared  the  liquid  was 
poured  into  ice-water  and  the  product  separated  in  the  usual 
way.  On  evaporating  the  ether,  nearly  one-third  of  the  prod- 
uct separated  as  a  solid  ;  the  rest  remained  liquid  even  when 
cooled  in  a  freezing-mixture.  The  solid  was  purified  by  solu- 
tion in  chloroform  and  precipitation  with  absolute  alcohol.  It 
melted  at  163°,  and  was  found  to  be  the  same  diphenylbrom- 
propiophenone  that  had  previously  been  obtained  by  treating 
benzalacetophenone  with  phenylmagnesium  bromide  and  bro- 
mine.' 

The  liquid  containing  the  rest  of  the  product  was  boiled  for 
several  hours  with  alcoholic  potash.  After  evaporating  the 
alcohol  there  remained  a  mixture  of  potassium  bromide  and 
potassium  salts  of  organic  acids  that  was  almost  completely 
soluble  in  water.  The  water  solution  was  first  extracted  with 
ether  to  remove  a  small  quantity  of  colored  substances,  then 
acidified  with  dilute  acid.  The  organic  acids  were  precipitated 
as  an  oil  that  solidified  almost  immediately.  The  solid  was 
evidently  a  mixture  of  low-  and  high-melting  acids.  By  frac- 
tional crystallization  from  water  it  was  ultimately  separated 
into  benzoic  acid,  melting  at  124°,  and  /5-phenylcinnamic  acid, 
melting  at  155°.  The  nature  of  the  latter  acid  was  established 
by  analysis  and  by  oxidation.  The  analysis  gave  the  follow- 
ing results  : 

0.1097  gram  substance  gave  0.3225  gram  CO^  and  0.0540 
gram  H^O. 

1  This  Journal,  31,  652. 
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Calculated  for 
CisHioOo. 

Found. 

c 

H 

80.35 

5-35 

80.54 
5.60 

The  acid  reduced  alkaline  permanganate  solution  in  the 
cold,  being  oxidized  to  benzophenone,  carbon  dioxide  and 
water. 

The  products  obtained  from  the  reaction  are  accounted  for 
as  follows  :  A  part  of  the  ester  (about  70  per  cent)  combines 
directly  with  phenylmagnesium  bromide.  When  the  resulting 
magnesium  compound  is  decomposed  with  water  it  gives 
a-brom-y^./S-diphenylpropionic  ester  ;  on  boiling  with  alcoholic 
potash  this  passes  into  /?-phenylcinnainicacidby  hydrolysis  and 
loss  of  hydrobromic  acid.  The  rest  of  the  ester  reacts 
with  phenylmagnesium  bromide  to  form  brombenzalacetophe- 
none,  which  immediately  combines  with  a  second  molecule  of 
the  bromide  ;  when  the  resulting  magnesium  compound  is  de- 
composed with  water  it  forms  a'-brom-yS,/3-diphenylpropiophe- 
none. 

Methylmagnesium  Iodide  and  Ethyl  a-Bromcin^iamate. — The 
reaction  was  carried  out  like  that  with  phenylmagnesium  bro- 
mide. The  oily  product  contained  no  ester  because  no  alcohol 
was  obtained  by  boiling  it  with  concentrated  aqueous  potassium 
hydroxide.  It  was  slowly  decomposed  by  boiling  alcoholic 
potash,  the  products  being  potassium  bromide,  potassium  ben- 
zoate,  and  a  gum.  The  nature  of  the  product  was  established 
by  oxidation.  A  dilute  solution  of  potassium  permanganate 
was  slowly  added  to  the  oil  suspended  in  ice-water.  As  soon 
as  the  permanganate  was  no  longer  decolorized  as  fast  as  added, 
the  liquid  was  distilled  in  a  current  of  steam.  The  distillate 
contained  acetone,  because  it  gave  dibenzalacetone  when  al- 
lowed to  stand  with  benzaldehyde  and  a  few  drops  of  sodium 
hydroxide.  From  the  residue  left  in  the  distilling  flask  we 
obtained  benzoic  acid  and  a  small  quantity  of  a  very  soluble, 
low-melting  acid,  which  could  not  be  identified  with  certainty, 
but  which  was  probably  oxyisobutyric  acid.  These  oxidation- 
products  indicate  that  the  main  product  of  the  reaction  was  a 
tertiary  alcohol  : 
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/^^'  /OCHs  /OH 


QH.CH  :  CBrCOOC^H^  +  2CH3MgI  +  H,0 

/^^^  /0( 

C,H,CH  :  CBrC-OH  +  Mg/  +  Mg< 

Phenylmagnesiiim  Bromide  ayid  a-Brombenzalacetophenone. — 
An  ethereal  solution  of  28  grams  of  the  ketone  was  added  to  a 
solution  obtained  by  dissolving  5  grams  of  magnesium  in  33 
grams  of  brombenzene  mixed  with  absolute  ether.  The  reac- 
tion was  carried  out  at  the  temperature  of  boiling  ether.  The 
j-ellow  precipitate  that  separated  immediately  redissolved  and 
the  solution  was  poured  into  ice-water  as  soon  as  all  the  ketone 
had  been  added.  Almost  the  entire  product  was  deposited  from 
the  ether  as  a  crystalline  solid.  The  remainder  was  obtained 
by  evaporating  the  residue  on  the  water-bath.  After  one  re- 
crystallization  from  acetone  the  compound  melted  at  163°,  the 
melting-point  of  pure  «-brom-/?,;t;-diphenylpropiophenone.  The 
reaction  was  a  perfectly  clean  one.  The  yield  was  35  grams 
of  pure  bromdiphenylpropiophenone  instead  of  36.6  grams 
calculated. 

Phenylbetizalacetophenone,  (C6H.),C  :  CHCOCgHj.  —  When 
bromdiphenylpropiophenone  is  boiled  with  alcoholic  potash  it 
slowly  loses  hydrobromic  acid.  Twenty-four  grams  of  the  ke- 
tone were  boiled  with  a  solution  of  3.5  grams  of  potassium  hy- 
droxide in  absolute  alcohol.  The  solution  soon  became  bright 
3'ellow  in  color  and  potassium  bromide  separated  on  the  walls 
of  the  flask.  After  boiling  for  six  hours  the  alcohol  was  re- 
moved by  distillation  and  the  residue  poured  into  water.  The 
heavy  oil,  that  remained  after  the  removal  of  potassium  bro- 
mide, was  dissolved  in  ether,  the  ethereal  solution  dried  with 
sodium  sulphate,  and  the  ether  evaporated.  The  product  again 
separated  as  an  oil  but  this  solidified  on  standing.  The  yel- 
low solid  was  recrystallized  from  alcohol  until  the  melting- 
point  remained  constant  at  92".  An  analysis  gave  the  follow- 
ing results  : 

0.201 1  gram  substance  gave  0.6534  gi'am  CO2  and  0.1045 
gram  H^O. 
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Calculated  for 

CjiHioO.  Hound. 

C  88.70  88.61 

H  5-6i  5-77 

The  ketone  crystallizes  from  alcohol  iu  large,  lemon-yellow 
prisms.  It  is  readily  soluble  in  alcohol  and  in  ether,  slightly 
soluble  in  ligroin.  The  .solution  in  concentrated  sulphuric 
acid  is  yellow  at  first,  but  rapidly  turns  to  a  deep  red  color. 
Water  reprecipitates  the  original  substance.  The  .structure  of 
the  compound  was  established  by  oxidation.  For  this  purpo.se  4 
grams  of  the  ketone  were  su.spended  in  dilute  solution  of 
sodium  carbonate,  contained  in  a  distilling-flask  that  was  con- 
nected with  a  condenser  and  a  steam  generator.  From  a 
dropping-funnel  dilute  solution  of  potassium  permanganate 
was  slowly  added,  while  a  rapid  current  of  .steam  was  passed 
through  the  boiling  liquid.  A  colorless  oil  collected  in  the  re- 
ceiver. This  solidified  when  touched  with  a  cry.stal  of  beuzo- 
phenone,  the  resulting  solid  melting  at  56°,  the  melting-point 
of  pure  benzophenone.  The  contents  of  the  distilling-flask 
were  filtered,  the  filtrate  evaporated  to  small  volume  and 
acidified.  The  solid  that  separated  was  benzoic  acid  and  the 
liquid  contained  no  other  organic  substance.  The  original 
compound  was,  therefore,  /?-phenylbenzalacetophenone  : 

(C,H,),C  :  CHCOC^H,  +  3O     - 

(QHJ.CO  -h  C„H,COOH  +  CO,. 

This  is,  doubtless,  the  easiest  way  of  making  ketones  of  this 
type. 

//.   Reactions  ivHJi  Saturated  Halogen  Compounds. 

Phenylmagnesium  Bromide  and  Stilbene  Bromide.  — Seven- 
teen grams  of  finely  powdered  stilbene  bromide  were  added  to  a 
.solution  obtained  by  dis.solving  5  grams  of  magnesium  in  brom- 
benzene  and  absolute  ether.  The  substances  react  quietly  at 
the  ordinary  temperature.  After  boiling  for  a  short  time  to 
complete  the  reaction,  the  mixture  was  poured  into  dilute  hy- 
drochloric acid.  The  ethereal  layer  w^as  separated  and  dis- 
tilled in  a  current  of  .steam  as  long  as  an  oil,  that  .solidified  in 
the  condenser,  was  carried  over  freely.     The  solid   in  the  dis- 
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tillate  was  filtered  off  and  crystallized  from  ligroin.  It  gave 
7.8  grams  of  pure  diphenyl.  The  residue  in  the  distilling  flask 
was  recrystallized  from  alcohol  and  yielded  8  grams  of  stilbene. 
The  reaction  evidently  takes  place  smoothly,  according  to  the 
equation  : 

C,HjCHBrCHBrC,H-  +  2C,H,MgBr     = 

C,H,CH  :  CHC.Hj  +  QH-CeHa  +  2MgBr,. 

Piieyiylmag7iesi2im  Bromide  and Dibroviphenylpropioyiic  Ester. 
— The  reagents  were  brought  together  in  ethereal  solution,  the 
temperature  being  kept  below  — 15°  in  a  freezing-mixture. 
After  standing  for  five  hours  the  product  was  treated  in  the 
usual  way.  The  ethereal  solution,  on  evaporation,  left  an  oil 
that  partially  solidified  on  standing.  The  solid  was  found  to 
be  diphenylpropiophenone.  The  part  of  the  product  that  did 
not  solidify  on  standing  was  free  from  bromine.  It  was  boiled 
with  alcoholic  potash  for  four  hours.  The  residue,  after  re- 
moving the  alcohol,  was  completely  soluble  in  water.  From 
this  solution  hydrochloric  acid  precipitated  diphenylpropionic 
acid.  Hence  it  is  clear  that  the  first  reaction  which 
occurs  is  exactly  like  that  between  phenylmagnesium 
bromide  and  stilbene  bromide.  The  magnesium  compound 
removes  the  two  bromine  atoms,  leaving  ethyl  cinnamate. 
This  subsequently  reacts  with  more  of  the  bromide  and  forms 
the  magnesium  compounds  which  give  diphenylpropionic  ester 
and  diphenylpropiophenone  when  they  are  decomposed  with 
water. 

Phenylmagnesiitm  Brotnide  a7id  Benzalacetophenoyie  Bromide. 
— The  result  of  this  reaction  depends,  to  some  extent,  upon 
the  temperature.  In  the  first  experiment  the  finely  powdered 
ketone  was  added,  very  slowly,  to  a  solution  of  the  magnesium 
compound  that  was  cooled  in  a  freezing-mixture.  On  pouring 
the  mixture  into  iced  hydrochloric  acid  most  of  the  product 
separated  in  colorless  cr5'stals.  After  purification,  by  recrys- 
tallization  from  acetone,  the  solid  melted  at  163° — the  melting- 
point  of  bromdiphenylpropiophenone.  The  ethereal  solution, 
containing  the  rest  of  the  product,  was  evaporated  in  a  current 
of  air  and  the  solid  residue  recrystallized  from  alcohol.     It  was 
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composed  mainly  of  diphenylpropiopheuoue  mixed  with  a 
small  quantity  of  bromdiphenylpropiophenoue.  The  reaction 
was  also  carried  out  at  the  temperature  of  boiling  ether.  The 
product  thus  obtained  was  free  from  bromine.  It  was  composed 
ofdiphenyl,  which  was  removed  by  distillation  with  steam, 
and  diphenylpropiophenone.  The  reaction  takes  place  smoothly 
according  to  the  equation  : 

CeH^CHBrCHBrCOCeH,  -|-  aQH-MgBr     ^ 

/OMgBr 
(C,H,).,CHCH  :  C<  +  (C,H,),  +  2MgBr,. 

The  bromketone  obtained  when  the  substances  react  at  low 
temperatures  might  be  formed  either  by  direct  replacement  of 
bromine  by  phenyl  I.,  or  by  elimination  of  hydrobromic  acid 
and  subsequent  addition  II. 

I.  QH-CHBrCHBrCOQH,  +  C«H,MgBr  = 

'  (C,H,),CHCHBrCOQH,  +  MgBr,. 

II.  QH^CHBrCHBrCOC^Hj  +  2C,H.MgBr  = 

/OMgBr 
(QHJ^CHCBr  :  C<^  +  C,H,  +  MgBr,. 

If  the  reaction  had  taken  place  as  represented  in  I. ,  the  mono- 
bromketone  would  have  been  formed  before  the  product  was 
decomposed  with  water.  This  was  not  the  case  because  no 
further  reaction  took  place  when  a  large  excess  (4  mols.)  of 
phenylmagnesium  bromide  was  added  to  the  mixture,  while, 
as  shown  below,  bromdiphenylpropiophenoue  instantly  reacts 
with  phenylmagnesium  bromide.  The  product  must,  there- 
fore, be  a  magnesium  compound  that  gives  the  bromketone 
when  it  is  decomposed  with  water. 

Benzalacetophenone  Bromide  and Naphthyhnagyiesium  Bromide. 
— The  solid  ketone  was  added  to  an  ethereal  solution  of 
«-naphthylmagnesium  bromide  that  was  cooled  with  running 
water.  The  product  solidified  when  it  was  poured  into  iced 
hydrochloric  acid  and  was  purified  by  recrystallization  from 
alcohol.     An  analysis  gave  the  following  results  : 
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0.1899  gram  substance  gave  0.6213  gram  COj  and  0.1024 
gram  H.O. 

Calculated  for 

C25H20O.  Found. 

C  89.22  89.28 

H  5.99  6.20 

The  solid  is  naphthylphenylpropiophenone  because  the  same 
substance  was  obtained  by  treating  benzalacetophenone  with 
rt'-naphthylmagnesium  bromide.  The  ketone  is  readily  soluble 
in  ether  and  in  alcohol.  It  crystallizes  in  needles,  melting  at 
121°. 

a-Bromdiphenylpropiophenone  and  Phenylmagyiesium  Bro- 
viide.  — Although  bromdiphenylpropiophenone  is  almost  insolu- 
ble in  ether,  it  readily  dissolves  in  an  ethereal  solution  of  phenyl- 
magnesium  bromide.  The  liquid  becomes  warm  and  in  a  short 
time  all  the  bromketone  disappears.  The  products  of  the  re- 
action were  separated  in  the  usual  way  and  were  found  to  be 
diphenylpropiophenone  and  diphenyl.  The  final  result  is, 
therefore,  the  replacement  of  bromine  by  hydrogen.  The 
diphenylpropiophenone  is,  however,  not  formed  until  the  mix- 
ture is  treated  with  water,  because  the  result  is  the  same  when 
a  large  excess  of  phenylmagnesium  bromide  is  used,  while  di- 
phenylpropiophenone readily  reacts  with  the  bromide  to  form 
a  tertiary  alcohol.  If  the  mixture  is  treated  with  benzoyl  chlo- 
ride before  it  is  decomposed  with  water  the  product  is  benzoyl- 
triphenylpropenol.  This  shows  that  the  reaction  takes  place 
according  to  the  equation  : 

(C«H5).,CHCHBrCOC6H-,  +  2C,H,MgBr     = 

/OMgBr 
(C«H,),CHCBr  :  G<  -f  (QHJ,  +  MgBr,. 

Chemical  1,aboratory, 

Bryn  Mawr  College, 

September,  1904. 


A    METHOD    FOR    THE    DETERMINATION   OF  THE 

AFFINITIES  OF  ACIDS  COLORIMETRICALLY, 

BY  MEANS  OF  CERTAIN  VEGETABLE 

COLORING  MATTERS. 

By  J.  H.  Kastle. 

The  bleaching  of  colored  flowers,  such  as  the  rose  and  red 
geranium,  by  means  of  sulphur  dioxide,  is  one  of  the  best 
known  reactions  of  which  the  latter  substance  is  capable,  and 
it  is  a  matter  of  common  observation  that  flowers  thus  bleached 
frequently  regain  t'leir  original  color,  in  part  at  least,  if,  after 
l)leaching,  they  are  allowed  to  stand  for  some  time  in  contact 
with  the  air.  The  most  obvious  explanation  of  this  phenomenon 
is  that  the  sulphur  dioxide,  by  its  reducing  action,  produces  a 
leuco-compound  which  is  reoxidized  on  exposure  to  the  air. 
It  occurred  to  me  that  possibly  these  leuco-compounds,  if 
really  formed,  could  be  used  advantageousl)^  in  measuring  such 
oxidations  as  are  usually  brought  about  by  the  oxidases.  Ac- 
cordingly, several  years  ago,  the  attempt  was  made  to  employ 
an  aqueous  extract  of  the  red  geranium,  that  had  been 
bleached  by  sulphur  dioxide,  as  a  reagent  for  detecting  the 
presence  of  oxidizing  ferments  and  roughly  measuring  their 
relative  oxidizing  powers.  These  earlier  experiments  led  to 
no  noteworthy  results  and  after  a  time  were  discontinued. 
Recently  the  subject  was  taken  up  again  in  connection  with 
some  other  work  and  it  appeared  that  possibly  the  difficulties 
had  arisen  from  the  use  of  an  insufficiently  highly  colored  sub- 
stance for  the  preparation  of  the  leuco-compound.  Accord- 
ingly, some  new  experiments  were  undertaken,  using  the  red 
substance  of  the  purple  grape,  the  Ives  Seedling  variety.  An 
aqueous  extract  of  this  was  obtained  by  macerating  the  hulls 
of  the  ripe  grape  with  water  and  boiling.  After  filtering,  a 
dark  purplish-red  solution  was  obtained.  On  adding  a  very 
small  amount  of  hydrochloric  acid  to  this  solution  and  shaking 
with  zinc  dust,  it  was  speedily  decolorized.  On  standing  in  a 
loosely  stoppered  test-tube  the  upper  layers  of  liquid  gradually 
regained  their  color.  As  in  the  case  of  the  coloring  matter  of 
the  geranium,  this  seemed  to  indicate  that,  in  the  presence  of 
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small  amounts  of  acid,  zinc  dust  can  reduce  the  red  coloring 
matter  of  the  grape  to  the  corresponding  leuco-compound, 
which  is  again  oxidized  on  exposure  to  the  air.  In  order  to 
determine  whether  this  colorless  solution  could  be  oxidized  by 
means  of  oxidizing  ferments,  small  amounts  of  the  solution 
were  mixed  with  an  active  extract  of  lepiota  Americana ,  a 
fungus  which  I  have  found  to  contain  a  very  powerful  and 
relativeh'  stable  oxidase.  It  was  observed  that  the  boiled  ex- 
tract of  the  fungus  produced  the  same  amount  of  colored  sub- 
stance as  its  active  preparations.  It  was  also  found  that  ac- 
tive extracts  of  the  fungus,  after  mixing  with  the  solution  of 
the  leuco-compound  obtained  from  the  grape,  failed  to  give  the 
guaiacum  reaction.  It  was  evident,  therefore,  that  the  produc- 
tion of  the  red  coloring  matter  of  the  grape  from  the  leuco- 
compound  was  not  the  result  of  oxidation,  but  was  in  some 
way  dependent  on  the  degree  of  acidity  of  the  solution,  as  it 
was  found  that  the  intensity  of  the  red  coloration  could  always 
be  greatly  increased  b}^  the  addition  of  small  amounts  of  hy- 
drochloric acid.  A  comparison  of  hydrochloric  and  acetic 
acids,  of  the  same  concentration,  showed  that,  whereas  the 
tube  containing  the  hydrochloric  acid  became  deep  wine  red  in 
color,  that  containing  an  equal  amount  of  acetic  acid  re- 
mained practically  colorless,  or  at  mo.st  showed  only  faint 
traces  of  pink.  This  difference  in  the  conduct  of  the.se  two 
acids  proved  .so  striking  as  to  suggest  that  the  .solution  of  the 
leuco-compound  obtained  from  the  purple  grape  could  be  em- 
ployed in  determining  the  affinities  of  acids  colorimetrically. 

Preparation  of  the  Reaocnt. 

The  best  method  of  preparing  the  leuco-reagent  consists  in 
macerating  the  hulls  of  the  grape  with  water,  boiling,  and  fil- 
tering. In  order  to  further  clarify  the  filtrate  a  small  amount 
of  a  solution  of  egg  albumen  is  added.  After  boiling  and  fil- 
tering a  second  time  a  perfectly  clear,  dark  plum-red  solution 
is  obtained.  A  rapid  current  of  sulphur  dioxide,  is  then  passed 
into  this  liquid,  which  quickly  becomes  lighter  in  color,  until, 
finally,  a  light  salmon-pink  solution  is  obtained  which  is  boiled 
to  remove  the  excess  of  sulphur  dioxide.     During  the  boiling 
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the  color  darkens  but  fades  on  cooling,  leaving  the  solution  of 
a  very  faint  pink  tint ;  a  little  toluene  is  added  and  the  liquid 
protected  from  air.  Thus  prepared  the  solutions  are  quite 
stable  and  may  be  kept  for  weeks  and  probably  longer,  with- 
out undergoing  change. 

In  studying  the  effect  of  various  acids  on  the  reagent,  i  cc. 
of  the  N/io  acid  was  mixed  with  i  cc.  of  the  reagent.  Acids 
having  an  affinity  approximately  equal  to  that  of  hydrochloric 
acid,  gave  immediately  a  dark  wine-red  color,  whereas  weaker 
acids  yielded  a  pink  one,  which  varied  in  depth  and  tint  ac- 
cording to  the  affinity  of  the  acid  employed.  A  comparison  of 
the  color  produced  with  the  acid  under  investigation  and  that 
obtained  with  hj'drochloric,  oxalic,  formic  and  acetic  acids,  as 
standards  of  comparison,  readily  permitted  the  determination 
of  its  relative  affinity.  The  color  comparisons  were  made  in 
small,  thin-wall  test-tubes  of  the  same  internal  diameter. 
Heretofore  all  measurements  have  been  made  on  N/io  acids, 
except  in  one  or  two  instances. 

Hydrochloric,  benzene  sulphonic,  sulphuric,  oxalic,  formic, 
acetic,  and  butyric  acids  were  the  first  to  be  tested.  On  mix- 
ing I  cc.  of  each  of  these  acids,  in  N/io  solution,  with  i  cc.  of 
the  reagent  the  following  results  were  obtained  : 


Acid. 

Color  of  the  solution. 

Hydrochloric 
Benzene  sulphonic 

Dark  wine  red 

1  C                            1  ( 

Sulphuric 
Oxalic 

lighter    than 
two  preceding 
Dark  pink,  lighter  than  sul- 

Formic 

phuric 
Pink,  lighter  than  oxalic 

Acetic 
Butyric 

Very  light  pink 

Water 

Trace  of  pink 

At  this  dilution  and  with  these  amounts  of  substances, 
acetic  and  butyric  acids  and  water  gave  very  nearly  the  same 
shade  of  color,  but  it  was  very  easy  to  distinguish  formic  acid 
from  any  of  these  and  to  see  that  the  acids  stood  in  the  fol- 
lowing order  of  strength  : 
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Hydrochloric  =  benzene  sulphonic>sulphuric>oxalic> 
formic>acetic  =  butyric. 

The  reagent  possesses  the  further  advantage  that  the  colors 
produced  with  acids  are  permanent,  showing  no  tendency  to 
fade  but  persisting  for  hours    and  even  days,  unchanged. 

Succinic,  Malic   and  Tartaric  Acids. 

A  comparison  was  made  of  the  three  related  acids,  succinic, 
malic   and  tartaric,  in  the  manner  described  above  : 


Acid. 

Color  of  the  solution. 

Tartaric 

Deep  pink 

Formic 

Pink 

Malic 

Light  pink 

Succinic 

Very  light  pink 

After  standing  twenty-four  hours  the  color  of  the  several 
tubes  was  essentially  unchanged.  Formic  acid  was  included 
in  this  series  for  the  sake  of  comparison.  It  is  evident  that 
the  following  relation  obtains  as  to  the  order  of  strength  of 
these  acids : 

Tartaric>formic>malic>succinic. 
Propionic  and  Lactic  Acids. 

Propionic  and  lactic  acids  were  next  compared  in  the  same 
manner  : 

Acid.  Color  of  the  solution. 

Lactic  Light  pink,  lighter  than  formic, 

darker  than  malic  * 

Propionic  Very   light   pink,    lighter  than 

succinic 

From  the  color  comparison  in  the  case  of  these  two  acids 
there  can  be  no  doubt  that  lactic  acid  is  considerably  stronger 
than  propionic,  and  that  the  latter  belongs  to  the  class  of  very 
weak  acids,  such  as  acetic  and  butyric. 

Acetic^  Monochloracetic,  and  Trichloracetic  Acids. 

Acetic,  monochloracetic,  and  trichloracetic  were  the  next 
acids  compared,  using  hydrochloric,  oxalic  and  formic  acids 
as  standards  : 
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Acid.  Color  of  tlie  solution. 

Hydrochloric  Dark  wine-red 

Trichloracetic  Wine-red,  lighter  than  hy- 

drochloric 
Oxalic  Deep  pink 

Monochloracetic  Pink,  lighter  than  oxalic 

Formic  "  "  "     mono- 

chloracetic 
Acetic  Very  light  pink 

These  acids  therefore  stand  in  the  following  order  of  affinity  : 

Hydrochloric>trichloracetic>oxalic>monochloracetic> 
formic>-acetic. 

Nitric,  Hydrobromic,  Iodic,  and p-Nitrotoluene  Sulphonic  Acids. 

These  acids  were  compared  with  hydrochloric  : 

Acid.  Color  of  the  solution. 

Hydrochloric  Dark  wine-red 

Nitric  "            " 

Hydrobromic  "            " 

/»-Nitrotolueiie  sulphonic  "            " 

Iodic  Yellow 

It  will  be  observed  that  nitric,  hydrobromic,  and  p-mXxo- 
tolueiie  sulphonic  acids  are  equal  to  hydrochloric  acid  in  their 
affinity.  The  yellow  color  produced  by  the  iodic  acid  is  due  to 
the  liberation  of  iodine  by  the  action,  on  the  iodic  acid,  of  the 
small  amount  of  sulphur  dioxide  remaining  in  the  reagent. 
Its  exceptional  conduct  is  thus  readily  accounted  for. 

Citric  and  Meconic  Acids. 

Citric  and  meconic  acids  were  compared,  using  h5^drochloric, 
formic,  and  acetic  as  standards  : 

Acid.  Color  of  the  solution. 

Citric  Pink 

Formic 

Acetic  Very  light  pink 

It  is  evident,  therefore,  that  citric  acid  is  stronger  than 
acetic  and  that  it  is  equal  to,  or  possibly  a  little  stronger  than 
formic  acid. 

It  was  found  impossible  to  prepare  a  N/io  solution  of  me- 
conic acid  in  the  cold,  owing  to  its  sparing  solubility.     Accord- 


Determination  of  the  Affinities  of  Aads.  51 

iugly,  a  saturated  solution  of  the  acid,  in  the  cold,  was  pre- 
pared and  titrated  with  N/io  sodium  hydroxide.  Ten  cc.  of 
the  solution  required  6.35  cc.  N/io  sodium  hydroxide  for  neu- 
tralization. In  order  to  determine  its  effect  on  the  reagent 
and  to  compare  it  wth  hydrochloric  acid,  two  tubes  were  set 
up.  Tube  I  contained  i  cc.  of  the  solution  of  meconic  acid 
and  I  cc.  of  the  reagent.  Tube  2  contained  0.635  cc.  N/io 
hydrochloric  acid,  0.365  cc.  of  water,  and  i  cc  of  the  reagent. 
Both  tubes  at  once  developed  a  dark  wine-red  color  ;  the  result 
of  two  comparisons  showed  the  tube  containing  the  meconic 
acid  to  be  distinctly  darker  in  color  than  that  containing  the 
hydrochloric  acid.  Ostwald  states  that  meconic  acid  is  con- 
.spicuous  by  its  great  strength.  It  is  the  strongest  of  all  acids 
that  consist  only  of  carbon,  hydrogen,  and  ox)^gen,  and  ap- 
proaches very  near  to  sulphuric  acid  in  degree  of  affinit3^ 

The  Affinity  of  Acid  Ethyl  p- Nitrosulphobenzoate , 
,COOC,H.  (i) 

C^Hg — SO.OH      (2). — This   compound  was   prepared  by  me 

^NO,  (4) 

several  years  ago  and  was  described  as  a  strong  acid.'  So 
far  as  I  am  aware,  no  one  has  ever  attempted  to  determine  its 
affinity.  If  the  compound  owes  its  acidity  to  the  existence  of 
the  sulphonic  acid  group  in  its  molecule,  it  should  have  an  afl5n- 
ity  practically  equal  to  that  of  hydrochloric  acid,  because  the  olher 
groups  in  the  compound  are  either  inert  or  of  an  electronega- 
tive character.  It  seemed  of  interest  to  determine  the 
affinity  of  this  acid  by  means  of  the  new  reagent.  A  solu- 
tion of  the  acid,  of  such  concentration  that  10  cc.  required 
6.15  cc.  of  N/io  sodium  hydroxide  to  neutralize,  it  was  com- 
pared with  hydrochloric  acid  as  before. 

Tube  No.  I  contained  i  cc.  of  the  solution  of  the  acid  ester 
of /-nitrosulphobenzoic  acid,  and  i  cc.  of  the  reagent. 

Tube  No.   2   contained  0.615  cc.  of  N/io  hydrochloric  acid, 
0.385  cc.  of  water,  and  i  cc.  of  the  reagent. 

Both  tubes  developed  a  wine-red  color  at  once,  of  the  same 
depth  and  tint.     It  would  seem,  therefore,  that  the  acid  ester 

1  This  Journal,  ii,  190  (1889). 
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of />-nitrosulphobenzoic  acid  is  as  strong  an  acid  as  hydrochlo- 
ric, a  conclusion  which  is  in  harmony  with  the  present  view 
regarding  the  constitution  of  the  former  substance. 

In  the  following  table  the  acids  here  studied  have  been  ar- 
ranged in  order  of  their  strength,  as  determined  by  Ostwald's 
methods,  and  as  determined  colorimetrically  according  to  the 
process  here  under  consideration.  The  agreement  is  certainlj^ 
as  close  as  could  be  desired  when  we  consider  the  great  diver- 
sity of  the  means  employed. 

Table  I. — Acids  Arranged  in  Order  of  Their  Strength. 


ccordiug  to  Ostwald's  methods. 

Colorimetrically. 

Hydrochloric 

(Nitric)' 

Hydrochloric 

(Nitric) 

(Hydrobromic) 
(Benzene  sulphonic) 

Trichloracetic^ 

(Hydrobromic) 
(Benzene  sulphonic) 
(Meconic) 

(/-Nitrotoluenesulphonic) 
(Acid  ethyl /-Nitrosulpho- 

benzoate) 
Trichloracetic 

Sulphuric 
Meconic 

(Sulphuric) 

Oxalic 

Oxalic 

Monochloracetic 

Monochloracetic 

Tartaric 

Tartaric 

Citric 

Citric 

Formic 

Formic 

Malic 

Lactic^ 

Lactic 

Malic 

Succinic 

Succinic 

Acetic 

Acetic 

Propionic 
Butyric 

(Propionic) 
(Butyric) 

Hitherto  it  has  not  been  found  possible  to  recognize  the 
difference  in  strength  between  the  very  weak  acids,  such  as 

1  The  sign  of  parenthesis  enclosing  the  names  of  certain  of  the  acids  is  intended  to 
signify  that  the  acids  so  enclosed  have  the  same  affinity  as  the  acid  immediately  pre- 
ceding. 

'  According  to  one  of  Ostwald's  methods  trichloracetic  acid  is  weaker  than  sul- 
phuric, whereas  according  to  two  of  them  it  is  stronger. 

3  According  to  one  of  Ostwald's  methods  lactic  acid  is  stronger  than  malic,  whereas 
according  to  two  of  them  it  is  weaker. 
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acetic,  propionic,  and  butyric,  by  this  colorimetric  method  ; 
however,  these  differences  are  only  slight.  By  varying  the 
concentration  it  may  prove  possible  to  exhibit  them. 

Other  Vegetable  Coloring  Matters  as  Indicators  of  the  Degree  of 

Acidity. 

The  following  plants  have  been  examined  for  coloring  mat- 
ters similar  to  that  of  the  purple  grape  :  The  red-leaved  achy- 
ranthes,  the  flower  of  the  scarlet  geranium,  the  flower  of  the 
purple  petunia,  the  beet  {beta  vulgaris),  poke  berries  {Phytolacca 
decandra),  the  wild  grape  {vitis  vtclpina),  the  purple  morning 
glory  (ipomcea  purpurea) ,  the  scarlet  sage  {salvia  fulg ens) ,  and 
the  cultivated  red  rose. 

Some  of  the  flowers  of  the  red  geranium  were  crushed  with 
water  and  the  mixture  boiled  and  filtered.  The  filtrate  was 
found  to  have  a  dull  rose-red  color.  It  was  then  saturated 
with  sulphur  dioxide,  after  which  a  small  quantity  of  a  solu- 
tion of  ^<g<g  albumen  was  added  and  the  liquid  boiled  to  expel 
the  excess  of  sulphur  dioxide  and  coagulate  the  albumen.  A 
clear,  practically  colorless  solution  was  thus  obtained.  With 
N/io  solutions  of  the  strong  acids,  such  as  hydrochloric,  hydro- 
bromic  and  nitric,  this  solution  gave,  at  first,  delicate  shades 
of  pink,  which  finally  changed  to  orange-yellow.  Acids  of  the 
strength  of  oxalic  gave  a  decided  salmon-pink,  formic  acid  a 
very  faint  pink  color  and  acetic  acid  no  color  at  all.  Ten  acids 
gave  the  following,  results  : 


Acids. 

Color  of  the  solution. 

Hydrochloric 

Orange- yellow 

Hydrobromic 

<  1           <  < 

Nitric 

K                         (  ( 

Benzene  sulphonic 

"                          " 

Sulphuric 

Orange-yellow,  with 

pink  tint 

Meconic, 

Orange-yellow,  with  sal 

mon-pink  tint 

Oxalic 

Salmon-pink 

Formic 

Faint  pink 

Acetic 

Very  faint  pink 

Butyric 

Colorless 
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We  should,  therefore,  have  to  arrange  these  acids  in  the  fol- 
lowing order  of  strength  : 

Hydrochloric  =  hydrobromic  =  nitric  =  benzenesulphonic> 
sulphuric>meconic>oxalic>forniic>acetic>butyric. 

The  effect  of  heat  is  to  intensify  the  color  produced  by  weak 
acids  on  this  solution,  as  seen  from  the  following  : 

Color  of  the  solution. 
Acid.  Ordinary  temperature.  ioo°  C. 

Hydrochloric  Orange-yellow  Orange  yellow 

Formic  Light  pink  Salmon-pink 

Butyric  Colorless  Pink 

It  will  be  observed  that  the  change  produced  by  heat  is 
greater  for  weak  acids,  such  as  formic  and  butyric,  than  it  is 
for  strong  ones,  such  as  hydrochloric.  On  cooling,  the  reverse 
change  occurs,  that  is,  the  solutions  tend  to  regain  their  origi- 
nal color.  This  reverse  change,  however,  is  incomplete,  be- 
cause the  solutions  that  have  once  been  heated  are,  on  cooling, 
always  a  little  darker  than  they  were  before  heating.  After 
heating  and  standing  six  hours,  butyric  acid,  for  example, 
showed  a  very  faint  pink  color,  whereas  in  the  cold  the  solu- 
tion is  colorless. 

Some  experiments  were  next  tried  with  the  purple  petunia. 
The  flowers  of  this  plant  are  deep  plum-red  in  color.  By 
maceration  with  water  they  gave  a  deep  purplish-red  solution 
which  faded  considerably  on  boiling,  so  that  finally  a  magenta- 
red  liquid  was  obtained.  Sulphur  dioxide  rapidly  changed  the 
color  to  a  pink  and  after  boiling  to  remove  the  excess  of  gas 
and  filtering,  a  yellow  solution  was  obtained.  With  N/io  solu- 
tions of  the  strong  acids,  such  as  hydrochloric,  nitric,  etc. , 
this  liquid  gave  a  faint  pink  coloration  ;  with  the  weaker  ones, 
such  as  formic  and  acetic,  no  change  of  color  was  observable. 
On  heating  the  solutions  containing  the  strong  acids,  the  color 
darkened  rapidly,  finally  becoming  deep  rose-red.  Oxalic 
acid  also  produced  a  rose-red  color,  lighter  than  that  with  hy- 
drochloric acid.  The  solution  containing  formic  acid  developed 
a  pink  color,  while  the  tubes  containing  acetic  acid  and  water 
remained  colorless,  even  after  heating.  On  cooling,  the  solu- 
tions containing  hydrochloric,  nitric   and  hydrobromic   acids 
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became  deep  pink,  that  one  with  oxalic  acid  lighter  pink  and 
the  formic  acid  colorless.  It  is  evident,  therefore,  that  the 
coloring  matter  in  the  colored  petunia  can  be  employed,  like 
that  in  the  purple  grape  and  the  red  geranium,  for  the  deter- 
mination of  the  affinities  of  acids  colorimetrically.  The  acids 
tested  with  this  reagent  can  be  arranged  in  the  following  order 
of  strength  : 

Hydrochloric  =  hydrobromic  =  nitric^oxalic^formic^ 

acetic. 

The  coloring  matter  in  the  flowers  of  the  scarlet  sage  {salvia 
fulgens)  was  next  tried,  the  flowers  being  macerated  with 
water  and  boiled.  Unfortunately,  a  good  deal  of  the  color  was 
lost  on  boiling.  After  boiling  and  filtering,  the  solution  was 
found  to  be  purplish-red  in  color.  It  was  saturated  with  sulphur 
dioxide  and  boiled  to  remove  the  excess  of  the  gas.  While  hot 
it  had  an  orange-yellow  color,  which,  on  cooling,  became  light- 
yellow.  In  its  conduct  toward  acids  this  vegetable  coloring 
matter  was  found  to  be  very  similar  to  that  present  in  the  red 
geranium.  The  color  of  the  flowers  of  these  two  plants  is  very 
much  alike.  The  following  results  were  obtained  with  some 
of  the  N/io  acids  : 

Acid.  Color  of  solution,  cold.  Color  of  solution,  hot. 

Hydrochloric  Salmon-pink  Orange-yellow 
Hydrobromic                          "  " 

Nitric  "  " 

Acetic  Colorless  Pink 

Water  "  Very  light  pink 

Meconic  acid  was  compared  with  hydrochloric  acid  in  the 
manner  already  described  on  page  50,  with  the  following  re- 
sult : 

Acid.  Color  of  the  solution. 

Hydrochloric  Salmon-pink 

Meconic  ' ' 

In  the  order  of  their  strength,  therefore,  these  acids  should 
be  arranged  as  follows  : 

Hydrochloric  =  hydrobromic  =  nitric  =^  meconic^acetic. 

A  .solution  of  the  coloring  matter  in  the  wild  grape  {yitis 


:> 
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vulpina),  prepared  and  bleached  with  sulphur  dioxide  in  the 
manner  already  described,  was  found  to  conduct  itself  towards 
acids  in  precisely  the  same  way  as  the  cultivated  variety. 
With  the  strong  acids,  such  as  hydrochloric,  nitric,  etc.,  it  gave 
beautiful  wine-red  solutions,  with  the  weaker  ones,  such  as 
formic  and  acetic,  delicate  shades  of  pink. 

With  poke  berries,  the  purple  beet,  and  the  flowers  of  the 
purple  morning  glory  no  satisfactory  results  were  obtained, 
doubtless  for  the  reason  that  it  was  found  difficult,  or  in  some 
cases  impossible,  to  bleach  the  coloring  matters  of  these  plants 
by  means  of  sulphur  dioxide.  After  saturating  the  solution 
with  sulphur  dioxide,  prolonged  boiling  remo\'es  the  color  of 
the  purple  beet,  with  the  result,  however,  that  the  coloring 
matter  seems  to  be  permanently  destroyed.  On  the  other 
hand,  the  coloring  matters  of  the  poke  berry  and  the  purple 
morning  glory,  while  quite  unstable,  do  not  seem  capable  of 
being  bleached  by  sulphur  dioxide. 

Interesting  results  have  been  obtained  with  the  cultivated 
variety  of  the  red  rose.  The  coloring  matter  was  extracted 
with  cold  water  and  the  solution  saturated  with  sulphur  di- 
oxide. A  slight  yellowish-pink  liquid  was  thus  obtained. 
With  N/io  acids  this  solution  gave  the  following  colors  : 

Acid.  Color  of  solution,  hot.  Color  of  solution,  cold. 

Hydrochloric         Deep  reddish-orange     Rose-pink 

Hydrobromic  " 

Nitric  

Benzene  sulphonic     "         darker  than 

hydrochloric 
Meconic  • Rose-pink,  lighter 

than  hydrochloric 

Oxalic  Very  faint  pink 

Acetic  Pink  Colorless 

Water 

On  cooling  the  hot  solutions  containing  the  acetic  acid  and 
water  they  became  colorless  and  the  hot  solution  of  hydro- 
chloric acid,  which  was  deep  reddish-orange,  became  rose- 
pink,  deeper  in  color,  however,  than  the  solution  that  had  re- 
mained in  the  cold. 
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Some  of  the  solution  of  the  coloring  matter  of  the  red  rose, 
which  had  been  extracted  with  cold  water  and  bleached  with 
sulphur  dioxide,  was  boiled  for  a  short  time  to  expel  the  ex- 
cess of  sulphur  dioxide.  On  cooling,  the  liquid  was  found  to 
have  a  very  slight  yellowish  color  and  when  mixed  with  an 
equal  volume  of  N/io  hj^drochloric  acid  it  developed  a  deep 
rose-red  color  at  once,  much  deeper  in  fact  than  had  been  ob- 
tained with  the  solution  before  it  was  boiled.  With  the  boiled 
solution  the  following  results  were  obtained  : 


Acid. 

Color  of  the  solution,  cold. 

Hydrochloric 

Deep  rose-red,  tending  to  orange 

Nitric 

"            "              "          " 

Oxalic 

"      rose-pink,  much  lighter  than  hy 

drochloric 

Formic 

Very  faint  salmon-pink 

Acetic 

Colorless 

The  difference  between  acids  equal  or  superior  to  oxalic  in 
strength  and  those  equal  or  inferior  to  formic  is  certainly  dis- 
tinctly brought  out  in  these  experiments. 

The  coloring  matter  of  the  red  rose  was  found  to  dissolve 
readily  in  95  per  cent  alcohol  even  in  the  cold.  A  small 
amount  of  this  solution  was  allowed  to  evaporate  spontaneously 
in  the  air,  and  the  residue  dissolved  in  a  small  quantity  of 
water.  On  adding  a  drop  or  two  of  N/io  hydrochloric  acid  it 
became  deep  orange-red  and  much  darker  than  it  was  origi- 
nally. This  suggested  that  possibly  a  solution  of  the  coloring- 
matter  of  the  red  rose  could  be  employed  to  determine  the 
strength  of  acids  colorimetrically,  without  previou.sly  bleach- 
ing with  sulphur  dioxide.  Accordingly,  an  equal  volume  of 
water  was  added  to  an  alcoholic  solution  of  the  coloring  matter 
of  the  red  rose  and  the  mixture  heated  on  the  water-bath  until 
all  of  the  alcohol  was  removed.  The  aqueous  solution  was  di- 
luted with  distilled  water  and  divided  into  three  portions. 
These  were  employed  as  follows  : 

I.  One  was  boiled,  with  the  addition  of  a  small  amount  of 
animal  charcoal,  and  filtered.  The  solution  thus  obtained  was 
slightly  yellowish  and  gave  the  following  results  with  water 
and  acids  : 
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Acid.  Color  of  the  solution. 

Hydrochloric  Deep  rose-pink 

Acetic  Faint  pink 

Water  Colorless 

2.  The  second  portion  was  treated  with  a  small  amount  of 
animal  charcoal  in  the  cold  and  filtered.  It  was  found  possi- 
ble to  remove  the  red  color  even  in  this  way,  a  slightly  yel- 
lowish solution  resulting,  which  gave  the  following  results 
with  water  and  acids  : 

Acid.  Color  of  the  solution. 

Hydrochloric  Deep  rose-pink 

Acetic  Faint  pink 

Water  Colorless 

3.  The  third  portion  of  the  solution  was  simply  diluted  with 
water  until  it  had  only  a  faint  yellowish-pink  color.  With 
water  and  acids  it  gave  the  following  results  : 

Acid.  Color  of  the  solution. 

Hydrochloric  Deep  rose-pink 

Oxalic  "  "  (only    a 

little  lighter  than  hy- 
drochloric) 
Formic  Light  pink 

Acetic  Very  faint  pink 

Water  Colorless 

From  a  superficial  consideration  of  these  results  one  might 
be  inclined  to  believe  that  dilute  solutions  of  the  plant  color- 
ing matter  could  be  employed  directly  in  determining  the 
strength  of  acids,  without  previously  bleaching  with  sulphur 
dioxide.  It  should  be  observed,  however,  that  although  the 
color  of  such  liquids  is  greatly  increa.sed  by  the  addition  of  an 
acid  and  although  a  much  deeper  coloration  is  produced  by  a 
strong  acid  than  by  a  weak  one,  the  reagent  is  lacking  in  sen- 
sitiveness. For  example,  it  will  be  seen  from  the  results  un- 
der 3  that  oxalic  acid  produced  very  nearly  as  intense  a  color- 
ation as  hydrochloric  acid.  On  the  other  hand,  if  we  employ 
a  solution  of  the  coloring  matter  of  the  red  rose  that  has  been 
bleached  with  sulphur  dioxide,  the  difference  between  hydro- 
chloric and  oxalic  acid  is  readily  perceptible,  as  will  be  seen 
from  the  results  recorded  on  page  56. 
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The  same  is  true  of  the  purple  coloring  matter  of  the  grape, 
namel}^  that  the  color  of  its  solutions  is  markedly  intensified 
by  the  addition  of  an  acid.  An  aqueous  extract  of  the  hulls 
of  the  purple  grape,  that  had  been  diluted  until  it  had  onl^-  a 
faint  pink  color,  gave  the  following  results  on  the  addition  of 
N/io  acids : 

Acid.  Color  of  the  solution. 

Hydrochloric  Deep  pink 

Oxalic  "        "      (only  a  little  lighter 

than  hydrochloric) 

Formic,  tartaric,  and  lactic  Light  pink,    and    not  distin- 

guishable one  from  the  other 

Acetic  Very  faint  pink 

Water  "         "        "     (lighter  than 

acetic  acid) 

Here,  again,  we  see  that  the  solution  lacks  delicacy  as  com- 
pared with  the  solutions  of  the  coloring  matter  that  have  been 
bleached  with  sulphur  dioxide.  It  will  be  observed,  therefore, 
that,  by  means  of  certain  of  the  vegetable  coloring  matters 
which  have  been  bleached  by  sulphur  dioxide,  it  is  possible  to 
determine  the  relative  afl&nity  of  acids  colorimetrically,  with 
the  greatest  ease  and  rapidity,  and  that  the  color  changes 
are  such  as  to  render  the  method  a  beautiful  one  for  the  pur- 
poses of  chemical  demonstration.  As  to  the  mechanism  of  the 
reaction  upon  which  the  method  is  based  but  little  is  known  at 
present.  Acids  are  essential  to  the  development  of  the  color 
of  certain  dye-stuffs,  such  as  those  of  the  rosaniline  type.  If 
acids  are  required  to  produce  the  colored  substance  from  an 
antecedent  chromogen  it  is  but  logical  to  conclude  that,  in  cer- 
tain cases  at  least,  the  quantitj^  of  the  colored  substance  actually 
formed  and  existing  in  the  solution  of  the  dye,  and  hence  the 
intensity  of  the  color,  would  depend  not  only  on  the  quantity 
of  acid  present  but  also  on  the  degree  of  its  ionization. 

State  College  of  Kentucky, 
Lexington,  Ky.,  Sept.,  1904. 


ON    DERIVATIVES     OF    FORMHYDROXAMIC    ACID 
AND   THE   POSSIBLE   EXISTENCE  OF   ESTERS 
OF  FULMINIC  ACID. 

By  H.  C.  Biddle. 

The  possible  existence  of  esters  of  fulminic  acid, 

R— O— N=C, 

is  of  interest  not  only  on  account  of  the  isomerism  of  these  bodies 
with  the  alkyl  isocyanates,  but  also  because  of  their  present- 
ing additional  examples  of  bivalent  carbon. 

The  extent  to  which  the  valence  of  an  element  may  be 
varied  by  the  nature  of  an  attached  radical  is  a  subject  of  ever 
increasing  importance.  It  would  appear  that  the  limits  of  such 
variation  are  somewhat  wider  than  was  anticipated  a  few  years 
ago.  The  tetravaleuce  of  oxygen  seems  now  to  be  established 
beyond  dispute.'  If  the  determination  of  the  molecular  com- 
plexity of  a  metal  dissolved  in  mercury  is  a  just  criterion  of  its 
molecular  aggregation,''  the  metal  is  apparently  monatomic  un- 
der such  conditions,  and  the  valence  of  the  atoms  for  one 
another  is  consequently  zero.  The  bivalence  of  carbon  ap- 
pears to  obtain  in  such  derivatives  as  carbon  monoxide,  the 
isonitriles'  and  the  fulminates.  Intriphenylmethyl,  Gomberg* 
has  shown  strong  probability  of  the  existence  of  trivalent  car- 
bon, and  Thiele''  would  explain  the  mechanism  of  many  reac- 
tions on  the  assumption  of  a  residual  affinity  of  the  carbon 
atom,  thus  ascribing  to  the  element  a  potential  valence  of  five. 

The  similarity  in  structure  between  the  isonitriles  and  the 
esters  of  fulminic  acid  would  naturally  lead  us  to  expect  a 
close  resemblance  in  general  behavior  between  these  two 
classes  of  bodies.  Like  the  former,  the  latter  would  probably 
be  characterized  by  an  "  isonitrile"  odor.  Being  unsaturated, 
they  should  exhibit  an  absorptive  tendency  toward  such  bodies 
as  the  halogens.  On  saponification  they  would  probably  yield 
formic  acid  and  the  o'-alkylated  hydroxylamines. 

1  Baeyer  and  Villiger  :  Ber.  d.  chem.  Ges.,  34,  2679  (1901).  and  others;  see  Review, 
This  Journal,  37,  311  (1902). 

-  Ramsaj'  :  J.  Chem.  Soc.  (I^ondon),  55,  521  (1889). 

"iNef  :  Ann.  Chem.  (Licbig),  270,  267  (1892)  ;  a8o,  291  (1894)  ;  287,  265  (1895). 

^  Ber.  d.  chem.  Ges.,  33,  3150  (1900)  ;  34,  2726  (1901);  etc. 

^  Aun.  Chem.  (Liebig),  306,  87  (1899). 
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The  synthesis  of  such  a  class  of  bodies  as  the  fuhninic  esters 
seems  not  improbable,  although  their  preparation  by  the  action 
of  alkyl  iodides  on  silver  or  mercury  fulminate  is,  apparently, 
not  feasible/     The  properties  of  formyl  chloride  oxime, 

HON=C<      , 

\ci 

as  described  by  Nef,  suggest  the  possibility  of  eliminating  hy- 
drogen chloride  from  the  alkyl  derivatives  of  this  body  as  a 
method  for  obtaining  the  alkyl  fulminates.  Some  time  ago, 
with  this  end  in  view,  the  benzyl,  benzoyl,  and  acetyl  deriva- 
tives of  formyl  chloride  oxime  were  synthesized  and  their 
properties  studied.^ 

Benzyl  formyl  chloride  oxime  is  a  body  of  great  stability  and 
boils,  without  decomposition,  under  atmospheric  pressure,  at 
about  210°.  On  treatment  with  alcoholic  potash,  however, 
the  molecule  is  completely  disrupted,  there  being  formed, 
among  other  products,  hydrochloric  acid,  ammonia,  and  benzyl 
alcohol.  In  this  reaction  there  is  not  the  slightest  odor  in  any 
way  resembling  that  of  an  isonitrile. 

Acetyl  formyl  chloride  oxime  is  a  body  of  much  less  stability 
than  the  corresponding  benzyl  derivative.  With  silver  nitrate 
it  undergoes  decomposition,  yielding,  among  other  products, 
silver  fulminate. 

With  the  thought  that  the  methyl  ester  would  probably  af- 
ford more  satisfactory  results,  a  study  of  this  derivative  has 
been  undertaken.     Methyl  formyl  chloride  oxime, 

\ci 

as  I  shall  show  later  in  this  paper,  is  a  body  closely  resembling 
the  benzyl  ester  in  stability.  Its  decomposition  with  caustic 
alkalies,  under  like  conditions,  appears  to  be  less  deep-seated 
than  that  of  the  latter.  On  treatment  with  potassium  hydroxide 
it  yields,  apparently,  minute  quantities  of  a  neutral,  unsaturated 

*  Nef:  Ann.  Chem.  (Liebig),  380,  339  (1894). 
"^  Ibid.,  310,  I  (1899). 
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body,  possessing  a  strong  isonitrile-like  odor,  together  with 
other  products. 

That  the  body  in  question  is  the  fulminic  ester, 
CH3— O— N=C, 

seems  highly  probable,  though,  unfortunately,  the  difficulty  of 
preparing  material,  and  the  small  quantity  of  substance  ob- 
tained have  thus  far  precluded  its  isolation  and  identification. 

EXPERIMENTAL. 

Synthesis  of  a-Methyl  Hydroxylamine  Hydrochloride, 
CH3ONH2.HCI. — The  preparation,  in  quaniity,of  the  a-alkyla- 
ted  hydroxylamines  of  the  aliphatic  series  presents  a  number 
of  difficulties.     The  following  process,  however,  while  quite 
long  and  tedious,  affords  fair  yields  of  the  methyl  derivative. 

Hydroxylamine  hydrochloride  is  converted  into  dibeuzhy- 
droxamic  acid,  according  to  the  general  method  suggested  hy 
lyossen.'  The  product  of  the  reaction  is  allowed  to  stand  one 
to  two  days  and  is  then  filtered,  without  acidifying  it,  as  di- 
rected by  Lossen. 

The  crude  acid  is  purified  by  washing  with  water,  digesting 
with  hydrochloric  acid  and  again  washing  with  water.  The 
yield  should  at  least  equal  80  per  cent  of  the  theory  (calcula- 
ting from  hydroxylamine  hydrochloride  used).  When  dry, 
the  acid  is  dissolved  in  cold  baryta  water  (0.5  molecule 
Ba(OH)j),  and  is  precipitated  as  silver  salt  by  the  addition  of 
silver  nitrate.  From  the  silver  salt  are  obtained,  by  succes- 
sive steps,  the  ethyl  ester  of  dibenzhydroxamic  acid, 


NOCOaH 
CH-C^ 


X^i'.    V^WV^^g^^g 


ethyl  benzhydroxamic  acid, 

CeH,-C^ 

1  Ann.  Chem.  (l,iebig),  i6i,  351  (1872). 

'^  Eiseler  :  Ibid.y  175,  326  (1875). 

•<  Eiseler  :  Ibid.,  175,  328  (1875) ;  205,  285  (1880). 
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and  the  methyl  ester  of  the  latter, 

C,H -C^ 

Satisfactor}'  results  are  secured  by  making  use,  in  the  difiFerent 
steps,  of  the  crude  products  as  they  are  obtained  from  the  ether 
extracts,  after  distilling  off  the  ether  on  the  water-bath.  On 
saponification  with  hydrochloric  acid,  the  methyl  ester  of  ethyl 
benzhydroxamic  acid  is  readily  decomposed  into  ethyl  benzoate 
and  methoxylamine  hydrochloride.^  The  acid  solution  is 
evaporated  to  dryness  on  the  water-bath  and  the  crude  salt 
purified  by  crystallizing  it  twice  from  alcohol  and  ether.  From 
250  grams  of  hydroxylamine  hydrochloride  70  grams  of 
o'-raethyl  hydroxylamine  hydrochloride  are  thus  obtained,  crys- 
tallizing in  snow-white,  hygroscopic  leaflets,  and  melting  at  148° 
to  149°. 

^-Methyl  hydroxylamine  hydrochloride  does  not  reduce 
Fehling's  solution.  The  reducing  action  noted  by  Lossen* 
was  doubtless  due  to  the  presence  of  the  /^-derivative,  which  is 
always  formed  in  the  above  synthesis.  As  has  been  shown  by 
Dunstan  and  Goulding,''  the  formation  of  fi-  with  ^'-derivatives 
is  a  normal  result  when  alkylating  the  aldoximes  and  ketox- 
imes  in  the  presence  of  sodium  alcoholates. 

The  Methyl  Ester  of  Formhydroxamic  Acid, 

CH.ONH— C<;      .—As  I  have  shown,  the  alkyl  esters  of  form- 

\H 
hydroxamic  acid  are  readily  obtained  by  heating  formic  acid 
with  or-alkj^lated  hydroxylamines.^ 

To  30  grams  of  a'-methyl  hydroxylamine  hydrochloride,  a 
concentrated  solution  of  potassium  hydroxide  (i  to  2  molecules) 
is  added  and  the  mixture  is  slowly  distilled  into  formic  acid  (99 
per  cent),  the  temperature  of  the  distilling-bulb  being  eventu- 
ally raised  to  150°. 

The  formic  acid  solution  is  concentrated  on  the  water-bath 

1  I<ossen  :  Ann.  Chem.  (r,iebig),  i8a,  224  {1876)  ;  281,  216  (1894). 

2  lyossen  and  Zanni  :  Ibid.,  182,  225  (1876). 
s  J.  chem.  Soc.  (London),  79,628  (1901). 

•♦  Ann.  Chem.  (XiebigJ,  310,  9  (1899). 
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and  is  then  distilled  under  diminished  pressure.  The  main 
fraction  is  a  colorless  liquid  which  boils  at  116°  to  117°  under 
33  mm.,  at  123°  to  124°  under  45  mm.,  and  at  126°  to  127° 
under  50  mm.  pressure.  On  standing  for  a  short  time,  the 
liquid  solidifies  to  a  mass  of  colorless,  prismatic  crystals,  melt- 
ing at  38°  to  39°. 

On  analysis  the  following  results  were  obtained  : 
0.1952  gram  substance  gave  0.2284  gram  CO^  ando.1197 
gram  H^O. 

0.1560  gram  substance  gave  25  cc.  moist  N  at  13^.5  and  758 
mm.  pressure. 

Calculated  for 

C^-HsOoN.  Found. 

C  32.00  31-91 

H  6.66  6.81 

N  18.66  18.90 

The  methyl  ester  of  formhydroxamic  acid  is  a  deliquescent 
substance,  possessing  a  marked  tendency  to  crystallize.  By  the 
action  of  hydrochloric  acid  it  is  decomposed  into  formic  acid 
and  or-methyl  hydroxylamine  hydrochloride.  The  ester  is  also 
dissociated  in  the  presence  of  chlorplatinic  acid,  the  orange- 
yellow  plates  of  the  platinum  double  salt  of  ^-methyl  hydroxyl- 
amine hydrochloride  being  formed. 

0.1559  gram  substance  gave  0.0601  gram  Pt. 

Calculated  foi 
(CH30NH2.HCl)oPtCl4.  Found. 

Pt  38.69  38.55 

Silver  Salt  of  the  Methyl  Ester  of  Formhydroxamic  Acid. 
— This  salt  is  prepared  by  the  addition  of  silver  nitrate  to  a  so- 
lution of  the  ester,  in  the  calculated  amount  of  dilute  caustic 
sodium  hydroxide.  It  separates  in  snow-white  leaflets,  which 
undergo  but  little  change  when  dried  in  vacuo  over  sulphuric 
acid. 

0.2338  gram  substance  gave  0.1842  gram  AgCl. 

Calculated  for 
CoH402NAg.  Found. 

Ag  59-34  59-29 

When  heated,  the  silver  salt  is  decomposed.  It  reacts  in  the 
cold  with  acetyl  and  benzoyl  chlorides  and  with  methyl  and 
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ethyl  iodide,  yielding  the  corresponding  acyl  and  alkyl  deriva- 
tives. 

Action  of  Phenyl  Isocyanate  on  the  Methyl  Ester  of  Formhy- 
droxamic  Acid. — Phenyl  isocyanate  readily  reacts  with  the 
methyl  ester  to  form  an  addition-product.  The  clear  solution, 
resulting  from  gently  warming  an  equimolecular  mixture  of 
the  two  substances,  soon  solidifies  to  a  crystalline  mass. 
After  standing  until  the  odor  of  the  isocyanate  has  disappeared, 
the  solid  is  recrystallized  from  chloroform  and  e^her  and  is 
thus  obtained  in  colorless  leaflets,  which  melt  at  123°  to  123°.  5. 

0.1 97 1  gram  gave  24.3  cc.  of  moist  N  at  11°. 5  and  753.7 
mm.  pressure. 

Calculated  for 
C9H10O3N2.  Found. 

N  14.43  14.58 

This  addition-product  is  difficultly  soluble  in  ether,  alcohol, 
and  hot  water,  insoluble  in  cold  water,  readily  soluble  in  chlo- 
roform. Its  constitution  is  probably  that  of  a  urea  rather  than 
that  of  a  urethane,  although  this  has  not  as  yet  been  deter- 
mined. The  solution  of  this  question  is  of  some  interest,  as 
it  would  doubtless  indicate  whether  the  original  ester  is  to  be 
regarded  as  a  derivative  of  formhydroxamic  acid,  CH, — O — 
NH— CH=0,  or  of  formhydroximic  acid,  CH^— O— N= 
CH— OH. 

Methyl  Formyl  Chloride  Oxime,  CH3 — O — N  =  C<^       .  —  As 

\C1 
I  have  shown,  benzyl  formyl  chloride  oxime  is  formed  by 
treating  the  benzyl  ester  of  formhydroxamic  acid  with  pho.s- 
phorus  pentachloride.*  In  like  manner,  methyl  formyl  chloride 
oxime  may  be  obtained  from  the  methyl  ester  of  formhydrox- 
amic acid. 

Ten  grams  of  the  methyl  ester  of  formhydroxamic  acid  are 
well  cooled  and  treated  slowly  with  27.7  grams  of  phosphorus 
pentachloride  (i  molecule).  The  reaction  begins  immediately, 
with  evolution  of  hydrogen  chloride.  When  the  product 
has   become    a    homogeneous    yellow   liquid,   it    is    carefully 

1  Ann.  Chem.  (I,iebig),  310,  11  (1S99). 
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distilled,  the  temperature  of  the  distilling  bulb  not  being  al- 
lowed to  rise  above  that  of  boiling  water.  As  soon  as  no  fur- 
ther liquid  condenses  in  the  receiver,  the  colorless  distillate, 
consisting  of  phosphorus  oxychloride  and  methyl  formyl  chlo- 
ride oxime,  is  well  cooled  and  treated  with  an  equal  volume  of 
water,  to  decompose  the  oxychloride.  A  colorless  liquid  is 
thus  obtained,  which,  after  standing  overnight  in  contact  with 
calcium  carbonate  and  calcium  chloride,  is  found  to  distil  with- 
out decomposition  at  68°. 

0.1300  gram  substance  gave  0.2005  gram  AgCl  (Carius). 

0.1656  gram  substance  gave  21  cc.  of  moist  N  at  11°. 5  and 
760  mm.  pressure. 

Calculated  for 
C.,H40NC1.  Found. 

CI  37.90  38.16 

N  14.98  1512 

Methyl  formyl  chloride  oxime  is  a  volatile  liquid,  slightly 
soluble  in  water.  It  possesses  an  odor  strikingly  similar  to 
that  of  chloroform.  In  stabilit}^  it  closeh^  resembles  its  homo- 
logue,  benzj'l  formyl  chloride  oxime.  It  is  unaffected  by  ani- 
line at  the  ordinary  temperature,  but  by  prolonged  heating  at 
100°,  it  is  slowly  acted  upon  with  the  separation  of  aniline  hy- 
drochloride. It  is  not  attacked  by  silver  nitrate,  but  is  imme- 
diately decomposed  when  brought  in  contact  with  potassium 
or  sodium  hydroxides.  If  the  powdered  alkali  be  carefully 
added  to  well  cooled  methyl  formyl  chloride  oxime,  or  better 
to  its  solution  in  dry  ether  or  ligroin,  an  intense  and  unmis- 
takable isonitrile-like  odor  is  immediately  produced.  That 
this  odor  is  due  to  the  formation  of  minute  quantities  of  methyl 
fulminate,  CH., — O — N=-C,  seems  highly  probable  from  the 
following  considerations  : 

An  ethereal  solution  of  methyl  formyl  chloride  oxime  is 
completely  freed  from  chlorine  by  treatment  with  an  excess  of 
powdered  potassium  hydroxide.  If  the  solution  be  kept  cool, 
the  isonitrile  odor  is  unaccompanied  by  any  ammoniacal  odor 
or  reaction.  On  longer  standing  in  contact  with  the  potassium 
hydroxide,  however,  an  amine  odor  arises  and  the  vapor  becomes 
alkaline  in  reaction. 
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An  unsaturated  body  appears  to  result  from  the  action  of 
potassium  hydroxide  on  methyl  formyl  chloride  oxime.  A  ligroin 
solution,  prepared  as  above,  instantly  decolorizes  a  small 
amount  of  bromine  with  the  separation  of  minute  yellow  drops. 
The  ligroin  used,  methyl  formyl  chloride  oxime,  and  the  methyl 
ester  of  formhydroxamic  acid  do  not  immediately  decolorize 
a  small  amount  of  bromine. 

To  determine  the  nature  of  the  odorous  body,  a  solution  of 
methyl  formyl  chloride  oxime  in  absolute  ether  was  treated 
with  powdered  potassium  hydroxide  and  allowed  to  stand  un- 
til action  was  completed.  Little,  if  any,  gas  is  evolved.  After 
evaporating  off  the  ether,  a  minute  quantity  of  liquid,  possess- 
ing a  strong  isonitrile  odor,  distilled  over  at  from  50°  to  60°  (ap- 
proximate temperature).  The  liquid  remaining  in  the  distill- 
ing-bulb  and  constituting  the  chief  reaction-product,  soon  lost 
all  odor  of  isonitrile.  It  was  freed  from  traces  of  ether  by 
warming  and  passing  a  current  of  air  through  it.  A  nitrogen 
determination  seemed  to  indicate  the  presence  of  the  methyl 
ester  of  formhydroxamic  acid,  CHj — O — NH — CH=0. 

0.1292  gram  substance  gave  20.7  cc.  moist  N  at  14°. 5  and 
754.4  mm.  pressure. 

Calculated  for 

CaHjOaN.  Found. 

N  18.66  18.73 

An  attempt  to  distil  the  supposed  ester  under  diminished 
pressure  led  to  the  isolation  of  only  a  very  small  quantity  of 
substance,  the  contents  of  the  distilling-bulb  were  largely  con- 
verted into  a  resin. 

The  limited  supply  of  material  has  thus  far  precluded  a 
further  study  of  this  reaction  ;  it  is  possible  that  the  substance 
is  a  condensation-product  of  methyl  fulminate. 

Although,  in  the  above  experiment,  it  may  be  assumed  that 
there  is  a  direct  interchange  between  the  chlorine  of  the  methyl 
formyl  chloride  oxime  and  the  hydroxyl  of  the  potassium  hy- 
droxide, it  seems  highly  probable  that  the  primary  product  of 
the  reaction  is  the  fulminic  ester,  CH3 — O — N=C.  This,  be- 
ing in  the  nascent  condition,  may  polymerize,  or,  by  the  ab- 
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sorption  of  a  trace  of  water,  be  converted,  in  part,  into  the 
methyl  ester  of  formhydroxamic  acid.  A  minute  quantity  of 
the  fulminic  ester  escapes  further  change  and  gives  rise  to  the 
phenomena  noted  above. 

A  further  indication  of  the  presence  of  methyl  fulminate  in 
these  reactions  is  that  derived  from  the  interaction  of  ar-methyl 
hydroxylamine  hydrochloride,  chloroform,  and  alcoholic  potas- 
sium hydroxide.  With  care,  the  same  characteristic  isonitrile 
odor  noted  above  is  obtained.  It  seems  difficult  to  explain  this 
on  the  basis  of  any  other  than  the  following  reaction  : 

CH,ONH,  +  CHCI3  +  3KOH     — 

CH,— O— N:-C  +  3KCI  +  3H,0. 

A  continuation  of  the  work  will,  it  is  hoped,  lead  to  the 
definite  isolation  of  the  fulminic  ester,  or  some  of  its  addition- 
products. 

University  of  Cai-ifornia, 

Berkeley,  Cal.  , 

Aug.  23,  1904. 


Contribution  from  the  Kent  Chemical  Laboratory  of  the  University  of  Chicago. 

ON  THE  REACTIONS  OF  SODIUM  BENZHYDROL. 

By  Raymo.vd  Foss  Bacon. 

An  exhau.stive  study  by  Nef '  of  benzhydrol  and  its  deriva- 
tives, benzhydrol  ether,  bromdiphenyl  methane,  benzilic  acid, 
etc. ,  has  shown  that  these  substances  possess  very  low  disso- 
ciating-points.  The  dissociation-product  common  to  all  of 
them,  diphenylmethylene,  is  not,  however,  capable  of  isolation 
as  such.  Similar  results  have  been  obtained  by  Miss  Gold- 
thwaite  with  the  corresponding  dibrom  derivatives.^  Since 
then  it  has  been  clearly  proved  by  Nef^  that  all  primary  and 
secondary  alcohols  undergo  analogous  dissociation  into  water 
and  alkylidenes,  the  sole  difference  being  in  the  fact  that  the 
decomposition-point  varies  within  considerable  limits,  300°  to 
600°.  We  have,  as  yet,  no  accurate  means  for  determining  the 
exact  percentage  of  water  and  ethylidene  particles  present,  for 

'  Ann.  Chem.  (L,iebig),  apS,  231-274. 

-  This  Journal,  30,  447. 

^  .\nn.  Chem.  (Liebig),  318,  138-230. 
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instance,  in  alcohol  or  ether  at  the  ordinary  temperature. 
As  ether  decomposes  at  a  temperature  which  is  50°  lower 
than  the  decomposition-point  of  alcohol,  600°,  ether  must  ob- 
viously contain  more  dissociated  particles, 

CH3CH,OCHXH3    rZ.    2CH3CH<  +  H,0, 

at  the  ordinary  temperature  than  alcohol.  This  explains  why 
ether  burns  slowly  at  ordinary  temperatures,  in  the  light, 
whereas  this  is  not  the  case  with  alcohol,  except  in  the  pres- 
ence of  various  catalytic  agents,  which  have  the  effect  of  in- 
creasing most  remarkably  the  percentage  of  the  dissociated 
particles. 

The  experiments  of  Nef  show  further  that  if  the  hydroxyl 
hydrogen  of  an  alcohol  be  replaced  by  a  metal,  such  as  Na, 
K,  Ca,  Ba,  etc.,  the  effect  on  the  dissociating-point  of  the  cor- 
responding alcohol  is  most  striking.  The  decomposition-point 
of  sodium  ethylate,  for  example,  lies  at  240°.  Consequently 
there  are,  relatively,  far  more  dissociated  particles, 

CH,CH,ONa     ^     CH3CH<  +  H— ONa, 

present  at  the  ordinary  temperature  in  sodium  ethylate  than  in 
ether.  Sodium  ethylate,  therefore,  burns  spontaneously,  with 
considerable  violence,  in  dry  air  or  oxygen.  The  behavior  of 
the  metallic  alcoholates  of  the  aliphatic  series  has,  in  fact,  been 
very  thoroughly  studied  under  the  most  varied  conditions  by 
Nef.  He  has  found  that  they  act  as  alkylating  agents,  and 
that  they  also  decompose  caustic  alkalies  with  evolution  of 
atomic  hydrogen  and  can,  therefore,  act  as  reducing  agents. 
Furthermore,  it  has  been  decisively  established  that  the 
Geuther-Frohlich  reaction  between  carbonic  oxide  and  sodium 
alcoholates  is  an  alkylation  phenomenon  ;  i.  <?. ,  the  reaction 
takes  place  in  two  stages,  viz.,  I. 

CO  H-  CHjCH^ONa  :::  CO  -|-  H— ONa  +  CH3CH<   »- 

>C0  +  >CH— CH,  ; 
NaO^ 

and  then  only  to  a  slight  extent  according  to  II. 
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CH,CH<  +  >C0      -*  >C0. 

NaQ/  NaO^ 

In  these  experiments,  therefore,  the  yield  of  alkylated 
formic  acid  is  usually  exceedingly  small.  It  was  found 
in  one  instance  to  be  very  large,  namely,  with  1,3-decyl 
alcohol.*  On  the  other  hand,  the  yield  in  the  case  of  the 
alkylation  of  acetic  acid  with  sodium  alcoholates  was  in- 
variably large — 15  to  30  per  cent.  As  the  alkylidene 
can  also  necessarily  interact  with  the  caustic  alkali — the  other 
dissociation-product — with  evolution  of  hydrogen  and  the 
formation  of  an  aldehyde,  ketone,  or  fatty  acid,  it  is  obvious 
that  alkylation  by  means  of  sodium  alcoholates  can  never  take 
place  quantitatively." 

A  study  of  the  salts  of  the  aromatic  alcohols,  such  as  benzyl 
alcohol  and  benzhydrol,  from  the  point  of  view  developed  by 
the  workof  Nef  seemed  especially  desirable,  and,  consequently, 
work  in  this  direction  has  been  undertaken  in  this  laboratory- 
at  Dr.  Nef's  suggestion,  and  under  his  guidance,  by  Mr.  Hig- 
ley  and  myself.  I  have  confined  my  experiments  chiefly  to 
the  benzhydrol  series.  As  Mr.  Higley's  results  in  the  benzyl 
series  will  presumably  not  be  published  for  some  time,*  I  shall 
at  times  refer  briefly  to  them  where  they  have  a  bearing  on  my 
own  work.  A  study  of  the  dissociation  phenomena  in  the 
benzhydrol  series  seemed  of  interest  first,  because  Knoevenagel* 
has  recently,  without  sufiicient  basis,  assumed  a  direct  disso- 
ciation of  benzhydrol  into  hydrogen  and  benzophenone,  and 
secondly  because  it  would  be  possible  here  to  trace  quantita- 
tively all  the  reaction-products  with  great  ease,  as  they  must 
be  crystalline,  and  their  quantitative  separation  has  already 
been  worked  out  thoroughly  by  Nef  (Joe.  cit.).  The  experi- 
ments performed  with  sodium  benzhydrol  were  found  to  be  en- 
tirely in  harmony  with  the  data  obtained  by  Nef.  It  was  pos- 
sible to  alkylate  formic,  acetic,  and  isobutyric  acids  by  means 
of  this  salt.     In  the  case  of  the  acetic  acid  a  75  per  cent  yield 

1  Cf.  Nef  :  Aun.  Chem.  (Liebig),  318,  150  ;  Beatty  :  This  Journal,  30,  224. 

*  Ann.  Chem.  (I^iebig),  318,  148. 

*  This  JOURNAL,  30,  225,  foot-note. 

*  Ber.  d.  chem.  Ges.,  36,  588. 
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of  the  monoalkylated  acetic  acid  was  actually  obtained.  These 
experiments  finally  led  to  an  investigation  of  the  action  of 
sodium  on  benzyl  acetate  and  allied  compounds,  and  thus  to  a 
complete  revision  of  the  work  Conrad  and  Hodgkinson^  carried 
out  in  this  direction  some  twenty-five  years  ago. 

Preparation  of  Sodium.  Berizhydrol. — The  benzhydrol  used  in 
all  of  mj'  experiments  was  prepared  according  to  the  directions 
of  Nef.'  It  was  dissolved  in  5  volumes  of  absolute  ether,  con- 
taining the  calculated  amount  of  sodium  in  the  form  of  wire  ; 
the  mixture  was  then  heated  under  a  reversed  condenser  until 
the  metal  had  all  disappeared.  On  cooling,  sodium  benzhy- 
drol often  crystallized  out  in  large,  transparent,  colorless, 
crystalline  plates,  2  to  3  cm.  in  length. 

1.3830  grams  substance,  treated  with  water,  required  65.1 
cc.  N/io  HjSO^  for  neutralization. 

1.0930  grams  substance,  treated  with  water,  required  52.1 
cc.  N/io  H,SO^  for  neutralization. 

Calculated  for 
(CoH5)iCHONa.  Found. 

Na  1 1. 1  10.8  10.9 

The  salt  quickly  gains  in  weight  in  the  air,  owing  to  rapid 
absorption  of  water  and  oxygen  ;  it  turns  green  or  greenish- 
blue  in  the  light,  and  becomes  colorless  again  over  night. 
This  phenomenon  was  noted  for  seven  successive  days,  and 
reminds  one  of  the  behavior  of  benzhydrol  ethyl  ether  de- 
scribed by  Linnemann,^  although  I  have  never  noticed  these 
phenomena  in  the  latter  case. 

Dissociatio7i  of  Sodium  Beyizhydrol. — The  decomposition- 
point  of  this  substance  lies  about  50°  below  that  of  benzhy- 
drol, namely,  at  250°.  The  salt,  consequently,  burns  with  con- 
siderable speed  in  dry  air  at  the  ordinary  temperature.  The 
products  formed  by  heating  the  salt  to  the  dissociating-point 
are  benzene,  sodium  benzoate,  and  diphenyl  methane,  includ- 
ing, at  times,  also  some  tetraphenyl  ethane  and  ethylene.    Three 

1  Ann.  Chem.  (I^iebig),  193,  29S ;  301,  166. 
-  Ibid.,  apS,  231-233. 

2  Ibid.,  133,  6. 
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experiments  were  carried    out    quantitatively  under   slightly 
diflferent  conditions. 

1.  Twenty  grams  of  sodium  benzhydrol  were  heated  in  a 
distilling-flask  for  eight  and  a  half  hours  in  a  metal  bath,  at  a 
temperature  ranging  from  240°  to  270°.  The  distilling-flask 
was  connected  with  a  condenser,  a  receiver,  and  an  azotometer. 
The  salt  became  at  first  bluish  in  color,  but  at  the  end  was 
colorless  again.  No  gaseous  products  were  formed ;  the 
receiver  contained  3.4  grams  of  liquid,  from  which,  on  frac- 
tionation, 2.9  grams  of  benzene,  boiling  from  75°  to  80°,  were 
obtained.  The  residue  in  the  distilling-flask  was  worked  up 
for  neutral  and  acid  products  by  extracting  with  dilute  sodium 
hydroxide  and  ether.  The  ether  extract  gave,  on  crystalliza- 
tion from  ligroin,  6.2  grams  of  benzhydrol,  melting  at  69°,  and 
the  filtrate  gave  2.5  grams  of  diphenyl  methane.  Four  and 
five-tenths  grams  of  benzoic  acid  were  obtained  from  the  alka- 
line solution. 

2.  A  second  experiment,  similar  to  i,  and  using  the  same 
amount  of  material,  but  heating  during  four  hours  at  260° 
to  290°,  and  for  a  short  time  to  300°,  showed  some  blackening 
and  gas  evolution  (only  at  300°).  The  reaction-products  were 
found  to  be  3.1  grams  of  benzene,  4.2  grams  of  benzoic  acid, 
7.7  grams  of  diphenyl  methane,  0.5  gram  of  tetraphenyl- 
ethylene,  0.4  gram  of  tetraphenyl  ethane,  and  i.i  grams  of 
benzhydrol. 

Benzophenone  was  not  present  in  either  i  or  2,  as  was 
proved  by  digestion  of  the  neutral  product  with  alcoholic 
phenylhydrazine,  after  removal  of  the  benzhydrol  with  cold 
ligroin. 

3.  Twenty  grams  of  sodium  benzhydrol  were  heated  in  a 
sealed  tube  at  270°  to  280°  for  forty  hours  (five  successive 
days  of  eight  hours  each) .  No  pressure  was  observed  on  open- 
ing the  tube.  The  residue  had  a  yellowish  tinge,  and  was 
somewhat  blackened  in  the  middle.  The  reaction-products 
were  determined  as  2.6  grams  of  benzene,  5.5  grams  of  ben- 
zoic acid,  7.3  grams  of  diphenyl  methane,  and  3.1  grams  of 
benzhydrol.  Therefore,  the  following  main  reaction  takes 
place  on  heating  sodium  benzhydrol  to  its  decomposition-point : 
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2(CeH5),CHONa  -*  2(CeH,),C<  +  2H— ONa    -* 

(CeH,),C(ONa),  +  2H  +  (C,H3),C<     ^ 

(C,H,),C  =  O  4-  Na,0  +  H,C(CeH,),. 

The  reaction  is  obviously  entirely  analogous  to  the  one 
which  takes  place  between  benzaldehyde  and  potassium  hy- 
droxide at  the  ordinary  temperature/  That  under  the  condi- 
tions of  the  experiment  the  benzophenone  first  formed  must  be 
rapidly  and  completely  converted  into  equal  amounts  of  benzene 
and  sodium  benzoate, 

(C8H5),C=-0  +  NaOH     ^     C^H^COONa  +  H.C.Hj, 

follows  from  the  observations  of  ChanceP  on  benzophenone, 
and  was  also  established  by  special  experiment. 

An  intimate  mixture  of  10  grams  of  benzophenone  and  2.2 
gramsof  sodium  hydroxide  were  heated  for  one  hour  at  260°  to 
270°  (apparatus  as  in  i,  above)  ;  3.6  grams  of  benzene,  boil- 
ing from  78°  to  80°,  were  obtained  from  the  distillate  in  the 
receiver  ;  the  residue  in  the  distilling- flask  gave  4.5  grams  of 
benzoic  acid. 

The  small  amount  of  tetraphenylethylene  and  ethane  ob- 
served in  Experiment  2,  above,  is  probably  due  to  a  polymeri- 
zation of  the  nascent  molecules  of  diphenyl  methylene, 

and  diphenyl  methyl, 

(QHJ.CH-. 

The  Spontaneous  Combustion  of  Sodium  Benzhydrolin  Dry  Air. 
— According  to  Nef 's  interpretation  of  combustion  phenomena,* 
the  following  reaction  between  the  dissociated  sodium  benz- 
hydrol molecules  and  the  active  oxygen  molecules  of  the  air 
must  take  place  at  considerable  speed  on  passing  dry  air  and 
oxygen  over  sodium  benzhydrol  at  the  ordinary  temperature  : 

I       I 
(QH5),C<  +  2NaOH  -f-  O— O     ^ 

(CeH,),C(ONa), -f  HA     - 

(C«H,),CO  +  NaA  +  H,0. 

1  Nef  :  Ann.  Chem.  (I,iebig),  298,  301-302. 

■•^  Ibid.,  7a,  280. 

^  Ibid.,  298,  294.-301,  322-332;  318,  177-182. 
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This  was  found  to  be  the  case.  The  sodium  peroxide  is,  how- 
ever, in  great  part  used  up  in  oxidizing  the  unchanged  di- 
phenylmethylene  particles, 

(CeH,),C<  +  NaA     -     (C,H,),C --:  O  +  Na,0, 

so  that  only  21.67  P^r  cent  of  the  sodium  peroxide  was  actually 
isolated,  as  such,  at  the  end  of  the  experiment.   No  trace  of  a  per- 

oxide,  (C5H5),C<^    |  ,  such  as  would  be  demanded  by  Engler 

and  Bach's  interpretation  of  combustion  phenomena, 

I       I  /O 

NaOH  +  (CeH-),C<  -|-  O— O     —     (QH,)C<    |    +  NaOH, 

was  found  in  my  oxidation  experiments.  Nef  also  failed  to 
obtain  a  trace  of  the  stable  acetone  peroxide  of  Baeyer  in  his 
experiments  on  the  oxidation  of  sodium  isopropylate.' 

I.  Twenty-five  grams  of  sodium  benzhydrol  were  placed  in 
a  large  flask  and  a  stream  of  air,  dried  by  a  combustion  train, 
was  slowly  passed  over  it.  A  perceptible  rise  of  temperature 
was  observed  after  an  hour  and  the  gain  in  weight,  after  nine 
hours,  was  i  gram.  The  mass  had  now  a  greenish  tint  and 
appeared  moist.  \)xy  oxygen  was  then  passed  over  the  mix- 
ture for  ten  hours,  with  no  apparent  change.  The  mass  was 
directly  extracted  with  absolute  ether  ;  no  benzene  was  pres- 
ent, and  the  ether  extract  gave,  on  fractionation  under  25  mm., 
16.2  grams  of  perfectly  pure  benzophenon  eboiling  at  180°  to 
182°.  It  solidified  immediately  on  addition  of  a  crystal  of 
benzophenone,  and  then  all  melted  at  47°.  A  portion,  5 
grams,  gave,  on  digestion  with  3.7  grams  of  phenylhydrazine 
and  an  equal  weight  of  alcohol,  7  grams  of  benzophenone 
phenylhydrazone  melting  at  137°  (theory  7.47  grams).  The 
portion  insoluble  in  ether,  7  grams,  was  treated  with  water 
and  extracted  with  ether.  The  alkaline  solution  gave  a 
marked  test  for  carbonic  acid,  and,  on  acidifying,  0.8  gram  of 
benzoic  acid,  melting  at  121°,  was  obtained.  The  solution 
also  gave  a  most  pronounced  test  for  hydrogen   peroxide  with 

1  Ann.  Chem.  (Uebig),  318,  181. 
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bichromate  and  ether.  Ou  treatment  of  a  portion  of  the  solu- 
tion with  benzoyl  chloride,  according  to  v.  Pechmann,^  a  pre- 
cipitate of  dibenzoyl  peroxide,  melting  at  104°,  was  obtained. 

2.  In  order  to  determine  the  amount  of  hydrogen  peroxide 
quantitatively,  a  fresh  oxidation  experiment  was  carried  out 
with  10  grams  of  sodium  benzhydrol.  During  the  oxidation 
(air  eight  hours,  oxygen  forty-four  hours)  the  distilling-flask 
containing  the  salt  was  kept  immersed  in  ice-water.  The  re- 
action-products were  at  once  treated  with  water  and  an  excess 
of  potassium  iodide  added.  The  amount  of  iodine  set  free  was 
then  determined  by  means  of  sodium  thiosulphate  (preliminary 
experiments  having  shown  that  this  method  was  accurate  for 
the  work  in  hand)  ;  0.39  gram  of  sodium  peroxide,  or  21.67 
per  cent  of  the  amount  demanded  by  the  above  theory,  was 
found. 

On  the  Combicstio7i  or  Oxidation  of  Bromdiphe7iylmetha7ie . — 
The  experiments  of  Nef  have  proved  that  not  only  primary 
and  secondary  alcohols,  their  salts,  and  ethers,  but  also  the 
primary  and  secondary  alkyl  haloids,  the  aldehydes,  ketones, 
fatty  acids,  substituted  ammonias,  paraflBnes,  etc.,  undergo 
methylene  dissociation.  Ethane,  toluene,  diphenyl  methane, 
when  first  oxidized,  give  acetaldehyde,  benzaldehyde  and 
benzophenone,  respectively,  because  these  substances  are  par- 
tially dissociated  at  the  ordinary  temperature,  e.  g., 

CH3CH3  •;::  CH3CH<  +  H,. 

It  was,  therefore,  of  interest  to  try  the  action  of  oxidizing 
agents  on  bromdiphenyl  methane.  This  substance  possesses, 
as  Nef  has  shown,  a  low  dissociation-point,  250°.  It  ought, 
therefore,  to  oxidize  slowly  in  dry  air,  at  the  ordinary  tempera- 
ture, to  benzophenone.  Miss  Goldthwaite  has,  indeed,  shown 
that  such  an  oxidation  takes  place  with  the  analogous  para- 
dibromdiphenyl  methyl  bromide.  When,  however,  either  of 
these  compounds  is  heated  to  the  decomposition-point,  250°, 
without  air  access,  hydrogen  bromide  is  eliminated  quantita- 
tively, but  the  diphenyl  methylene  residues  first  set  free  either 
polymerize  directly   to   the  dimolecular   derivatives,    or   give 

1  Ber.  d.  chem.  Ges.,  37,  1511. 
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these  end-products  by  an   intermediate  alkylation  and   subse- 
quent loss  of  hydrogen  bromide, 

(C,H,),C<  +  HCBrCQHJ,     -      (C,H,),CH-CBr(C«H,),. 

That  the  dissociation  of  these  compounds  is  monomolecular 
and  not  bimolecular  is  furthermore  proved  by  the  fact  that, 
when  the  heating  is  carried  out  in  a  stream  of  dry  air  or  oxy- 
gen, benzophenone  and  paradibrombenzophenone,  respectively, 
are  formed  quantitatively.  This  proves  that  the  diphenyl 
methylene  residues  first  set  free  combine  preferably  with  the 
oxygen  to  give  the  corresponding  oxides.  The  reaction  is, 
therefore,  perfectly  analogous  to  the  combustion  of  .sodium 
benzhydrol  presented  above.  In  the  light  of  what  has  just 
been  said,  the  results  of  the  following  experiments  with  brom- 
diphenyl  methane  are  self-evident  : 

1 .  Ten  grams  of  bromdiphenyl  methane  were  treated  in  the 
cold,  and  in  a  solution  acidified  with  sulphuric  acid,  with 
aqueous  potassium  permanganate  until  no  further  decoloriza- 
tion  took  place.  The  solution  was  extracted  with  ether  and 
the  oil  obtained  was  then  digested  with  phenylhydrazine  and 
alcohol.  Nine  and  one-tenths  grams  of  benzophenone  phenyl- 
hydrazone,  melting  at  136°,  were  obtained. 

2.  Five  grams  of  bromdiphenylmethane  were  placed  in  a 
distilliug-fla.sk  connected  with  a  reversed  conden.ser  and  dry 
oxygen  steadily  passed  through  the  molten  substance,  which 
was  heated  in  a  metal-bath  at  160°  to  170°.  Streams  of  hy- 
drogen bromide  came  off  at  first,  and  practically  ceased  after 
threfe  and  one  half  hours'  heating.  The  oil  left  in  the  distill- 
ing-flask  boiled  chiefly  at  160°  to  170°  under  10  mm.  pressure, 
and  gave,  on  digestion  with  phenylhydrazine  and  alcohol,  5.3 
grams  of  benzophenone  phenyl  hydrazone  melting  at  137°. 
Nine-tenths  gram  of  the  tetraphenyl  ethylene,  melting  at  218°, 
were  found  in  the  distilling-flask  after  the  removal  of  the  benzo- 
phenone by  distillation. 

3.  Five  grams  of  bromdiphenyl  methane,  dissolved  in  abso- 
lute ether,  were  left  standing  in  the  cold  for  two  weeks  with 
3  grams  of  sodium  in  the  form  of  wire.     One  and  two-tenths 
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grams  of  tetraplienyl  ethane  atid  i .  i  grams  of  diphenyl  methane 
were  obtained  as  reaction-products. 

The  Action  of  Sodium  Betizhydrol  on  Benzhydrol  Acetate.— hs 
is  well  known  through  the  work  of  Geuther,  Claisen  and 
others,  esters  of  acetic  acid  are  converted  into  acetoacetic 
ether  by  treatment  with  sodium  or  sodium  alcoholates. 
The  reaction  has  been  shown  by  Nef  to  belong  to  the 
category  of  olefine  condensations,  and  is  therefore  reversible. 
In  connection  with  the  earlier  experiments  on  the  esters  of 
acetic  acid,  it  was  found  that  esters  containing  an  aliphatic 
group,  such  as  methyl,  propyl,  and  isoamyl  acetate,  all  give  a 
fair  yield  of  the  corresponding  acetoacetic  ester,  on  treat, 
ment  with  sodium  or  with  sodium  alcoholates.  On  trying 
the  experiment  with  benzyl  acetate  and  sodium,  however, 
Conrad  and  Hodgkinsou  found,  to  their  great  surprise,  that  no 
trace  of  acetoacetic  benzyl  ester  was  obtained.'  An  interac- 
tion between  the  reagents  took  place  at  135°  and  then  pro- 
ceeded with  some  violence.  According  to  their  investigations, 
benzyl  hydrocinnamate, 

QH,CH,CH,COOCH,C«H,. 

is  the  chief  reaction-product.  Such  a  result  could  now 
be  readily  understood  in  view  of  the  experiments  of  Nef  on 
the  alkylation  of  the  fatty  acids  by  means  of  sodium  alcoholates. 
The  phenyl  methylene  particles,  I'esulting  from  the  dissociation 
of  the  sodium  benzylate  first  formed,  must  alkylate  the  un- 
changed benzyl  acetate  as  follows  :^ 

C„H5CH<  -f  H— CH,COOCH,C«H,    -- 

QH^CH.CH.COOCH.C^H,. 

A  more  careful  investigation  of  the  reaction  of  Conrad  and 
Hodgkinson,  which  is  described  in  detail  below,  has  proved 
that  much  benzyl  ether  is  formed  besides  benzyl  hydrocin- 
namate. The  question  now  arises,  why  do  not  benzyl  acetate 
and  sodium  interact  to  give  an  ester  of  acetoacetic  acid  ?  The 
same  question  presents  itself  in  the  case  of  benzhydrol  acetate. 
The  problem  was  first  taken  up  in  this  laboratory  by  Shaklee, 

1  Ann.  Chem.  (L,iebig),  193,  298. 

-  Ibid.,  318, 144  ;  Cf.  This  Journal,  30,  225,  foot-note. 


78  Bacon. 

who  proved  that  benzyl  acetate  and  benzhydrol  acetate  readily 
react  with  sodium  in  absolute  ethereal  solution  in  the  cold. 
He  found  that  very  little  hydrogen  was  given  ofif  in  the  course 
of  the  reaction,  and  that  the  chief  products  were  acetic  acid, 
and  benzyl  alcohol,  or  benzhydrol,  respectively.  In  both  cases, 
however,  the  formation  of  a  small  amount  of  diacetyl  was  ob- 
served, Shaklee  established  this  rigidly  b)'  the  isolation  of  the 
osazone,  which  was  analyzed  and  found  to  be  identical  in  its  prop- 
erties with  the  statements  given  in  the  literature.  This  result, 
in  conjunction  with  the  other  facts  observed,  proves  that  some 
esters  of  acetic  acid  can  react  with  sodium  in  a  manner  entirely 
different  from  ethyl  acetate.  The  experiments  of  Nef  on  the 
action  of  sodium  on  carbonyl  compounds'  make  it  exceedingly 
probable  that  the  following  reaction  between  sodium  and  acid 
esters  can  take  place  : 

2CH,s. 

>C— 0+2Na    -* 
RQ/    I       I 

CH3  CH3V 

>C— ONa-f  >C— O     -- 

RQ/    I  RO^  I       I 

Na 

/ONa 
CH3C/ 

\0R  CH3C^0 

--  I  +  2NaOR. 

ONa         CH,C=0 


< 


CH,C« 

^-OR 

No  hydrogen  is  formed  in  this  reaction  and  the  yield  of  di- 
acetyl must  necessarily  remain  low,  because  all  orthodicar- 
bonyl  compounds  undergo  a  benzilic  acid  rearrangement,  i.  <?., 
a  conversion  into  glycollic  acid  derivatives,  especially  in  the 
presence  of  strong  alkali.  It  is,  therefore,  quite  probable  that 
dimethylglycollic  acid  was  formed  in  Shaklee' s  experiments 
but  was  overlooked  by  him. 

The  fact  that  ethyl  isobutyrate  gives  diisopropylglycollic 
acid  derivatives  as  the  chief  reaction-products^  on   treatment 

1  Ann.  Chem.  (r,iebig),  308,  283,  292  ;  Cf.  Acree  :  This  Journal,  29,  58S. 

*  Hantzsch  :  Her.  d.  chem.  Ges.,  ao,  2332  ;  Ann.  Chem.  (L,iebig),  249,  54  ;  246,  129. 
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with  sodium,  in  absolute  ethereal  solution,  taken  in  connection 
with  Shaklee's  isolation  of  diacetyl,  makes  this  assumption  al- 
most a  certainty.  These  results  at  once  bring  up  the  question 
whether  ethyl  acetate  itself  may,  to  some  extent,  not  react  in  an 
analogous  manner  with  metallic  sodium.  The  amount  of  hy- 
drogen actually  evolved  in  the  manufacture  of  acetoacetic  ether 
from  acetic  ether  and  sodium  is  only  36.5  per  cent  of  the  theo- 
retical amount  in  the  most  favorable  case.'  The  preliminary 
experiments  which  I  have  carried  out  in  this  direction  are  very 
striking,  and  seem  to  justify  these  conclusions.  When  ethyl 
acetate,  carefully  dried,  is  diluted  with  10  parts  of  absolute  ether 
and  treated  with  one  atomic  proportion  of  .sodium,  the  metal 
di.sappeared  entirely  after  twenty-four  hours'  standing.  Only 
traces  of  acetoacetic  ether  and  of  hydrogen  were  obtained  un- 
der these  conditions,  although  the  experiment  was  tried  five 
times,  using  176  grams  of  ethyl  acetate  in  each  experiment. 
It  is  the  intention  of  Dr.  Nef  to  investigate  this  reaction  in  the 
near  future  with  the  greatest  of  care.  The  results  obtained 
show,  however,  that  the  recent  assumption  of  Michael*  that 
ethyl  acetate  first  gives  the  salt  CH^NaCOOC.H,,  etc.,  on 
treatment  with  sodium  cannot  possibly  be  correct.  Experi- 
ments in  this  connection  by  Higley  have  further  proved  that  a 
mixture  of  2  molecules  of  ethyl  acetate  and  i  molecule  of 
sodium  ethylate,  on  standing  for  a  week  at  ordinary  tempera- 
tures, gives  a  26.7  per  cent  yield  of  acetoacetic  ester;  on  stand- 
ing for  twent\'-five  days  a  36.  i  per  cent  j'ield  of  the  ester  was 
obtained.' 

In  order  to  determine  why  the  corresponding  condensation 
between  sodium  benzylate  and  benzyl  acetate,  as  well  as  be- 
tween sodium  benzhj'drol  and  benzhydrol  acetate  does  not  take 
place  to  any  extent,  it  was  obviously  first  necessary  to  prepare 
benzyl-  and  benzhydrolacetoacetate  and  study  their  properties. 

Benzyl Acetoacetate,  CH3COH :  CHCOOCH^C^Hj.— This  ester 
has  been  prepared  and  analyzed  by  Shaklee,  who  obtained  it, 
almost  quantitatively,  by  heating  a  mixture  of  20  grams  of 

1  Cf.  Meyer  :  J.  prakt.  Chem.,  [2],  65,  528. 

2  Ber.  d.  chetn.  Ges.,  33,  3731. 

3  Cf.  E.  V.  Meyer  ;  J.  prakt.  Chem.,  [2],  65,  528. 
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benzyl  alcohol  and  40  grams  of  acetoacetic  ethyl  ester  in  a 
distilling-flask  connected  with  a  condenser  and  Briihl  appara- 
tus. The  bath  was  kept  at  160°  and  as  soon  as  no  more  ethyl 
alcohol  distilled  over,  the  apparatus  was  exhausted.  Thirty- 
four  grams  of  benzyl  acetoacetate,  boiling  at  162°  to  164°  un- 
der 16  ram.  pressure,  was  obtained  as  a  colorless  mobile  oil, 
smelling  like  ordinary  acetoacetic  ester.  The  oil  boils,  with 
some  decomposition,  at  about  270°,  gives  a  blood-red  colora- 
tion with  alcoholic  ferric  chloride,  is  insoluble  in  alkali  car- 
bonates, but  dissolves  without  decomposition  in  cold  aqueous 
sodium  hydroxide. 

The  copper  salt,  which  has  been  analyzed  by  Higley,  is  pre- 
cipitated quantitatively  by  means  of  aqueous  alcoholic  copper 
acetate.  It  crystallizes  well  from  benzene,  and  melts  at  156°. 
Experiments  by  Shaklee  and  Higley  have  shown  that  benzyl- 
acetoacetate  is  never  formed  in  amounts  greater  than  2  per  cent 
on  treatment  of  benzyl  acetate  with  sodium  or  with  sodium 
benzylate  under  the  most  varying  conditions  (20°,  100°,  140°). 
Higlee's  experiments  prove,  furthermore,  that  benzyl  aceto- 
acetate is  readily  decomposed  by  heating  it  with  sodium  benzyl- 
ate  at  100°  or  at  a  still  higher  temperature.  Consequently 
only  traces  of  benzyl  acetoacetate  are  obtained  from  mixtures 
of  benzyl  acetate  and  sodium  or  sodium  benzylate  when  heated 
above  100°.  These  data,  therefore,  prove  that  benzyl  aceto- 
acetate is  formed  from  its  components  by  the  aldol  condensa- 
tion, but  in  relatively  far  smaller  amounts  than  ethylacetoace- 
tate.  The  great  difference  in  the  yield,  as  the  reaction  is  re- 
versible, is  simply  due  to  the  far  greater  relative  instability  of 
benzyl  acetoacetate  My  own  experiments  in  the  benzhydrol 
series  confirm  in  every  way  these  observations  of  Higley. 

Benzhydrol  Acetoacetate,  CHjCOHiCHCOOCHCC.H^),.— 
Fifty  grams  of  benzhydrol  dissolve  in  100  grams  of  ordinary 
acetoacetic  ether  with  marked  lowering  of  temperature  (23°  to 
10°).  This  mixture  was  heated  in  an  oil-bath  at  150°  for  one 
hour  ;  much  ethyl  alcohol  distilled  over.  The  oil  left  in  the 
distilling-flask  was  now  heated  in  vacuo  at  200°,  the  non-vola- 
tile portion  dissolved  in  cold  sodium  hydroxide,  and  the  neutral 
constituents  extracted  with  ether.     The  alkaline  solution  gave, 
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on  acidifying  with  sulphuric  acid  and  extracting  with  ether, 
51  grams  of  crude  oil,  which  soon  solidified.  By  crystallizing 
from  ether-ligroin,  benzhydrol  acetoacetate  was  obtained  in 
colorless  plates,  melting  at  56°.  The  substance  is  very  solu- 
ble in  the  ordinary  organic  solvents  except  ligroin.  It  smells 
like  acetoacetic  ether  and  gives  a  deep  purple  coloration  with 
ferric  chloride.  It  is  insoluble  in  alkali  carbonates  and,  like 
all  benzhydrol  derivatives,  gives  a  deep  red  coloration  with 
concentrated  sulphuric  acid. 

0.2291  gram  substance  gave  0.6329  gram  CO2  and  0.1228 
gram  H,0. 

Calculated  for 
CH3COH  :  CHCOOCH(C6H5),..  Found. 

C  76.1  75.4 

H  6.0  6.0 

The  copper  salt  is  precipitated  quantitatively  by  means  of 
aqueous  alcoholic  copper  acetate.  It  crystallizes  from  benzene 
as  a  powder,  melting  at  174°  to  176°.  The  following  experi- 
ments show  that,  at  best,  it  is  possible  to  obtain  benzhydrol 
acetoacetate  only  in  very  small  amounts  from  mixtures  of 
benzhydrol  acetate  and  sodium  benzhydrol ;  this  is  due,  in  part 
or  entirely,  to  the  great  instability  of  sodium  benzhydrol  aceto- 
acetate under  these  conditions.  It  may,  however,  also  be  due 
in  part  to  the  greater  stability  of  the  orthoacetic  acid  addition- 
^OCH(C,H,), 

product,  CHjC — OCH(C5H5)2,  which  must  necessarily  be  first 

^ONa 
formed  on  mixing  these  reagents.' 

1.  Twenty-two  and  six-tenths  grams  of  benzhydrol  acetate 
(2  mols. )  and  10.3  grams  of  sodium  benzhydrol  were  inti- 
mately mixed.  There  is  a  noticeable  heat  evolution,  owing  to 
the  formation  of  the  ortho  addition-product.  The  mixture 
was  heated  in  a  sealed  tube  at  100°  for  fifteen  hours.  The 
mass  was  then  treated  with  dilute  sulphuric  acid  and  worked  up 
as  usual  for  products  soluble  in  sodium  hydroxide  and  sodium 
carbonate.  A  small  amount  of  ^-diphenylpropionic  acid,  the 
monoalkylated  acetic  acid  (see  below),  was  obtained,  besides 

1  Claisen  :  Ber.  d.  chem.  Ges.,  20,  648. 
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acetic  acid.  The  sodium  hydroxide  solution  gave  0.4  gram 
of  benzhydrol  acetoacetate,  melting  at  53°,  and  identical  in  its 
properties  with  the  ester  described  above.  The  neutral  por- 
tion gave  14  grams  of  benzhydrol,  which  melted  at  68°  and 
crystallized  from  ligroin.  Ten  grams  of  oil,  boiling  at  176°  to 
183°  under  17  mm.  pressure,  were  also  obtained.  This  was 
proved  to  be  free  from  benzophenone  by  digestion  with  alco- 
holic phenylhydrazine.  On  saponification  with  alcoholic  pot- 
ash the  oil  gave  7.8  grams  of  benzhydrol,  hence  it  consisted  of 
benzhydrol  acetate. 

2.  Five  grams  of  benzhydrol  acetoacetate  and  8  grams  of 
sodium  benzhydrol  (2  niols.),  treated  as  in  i,  gave  6  grams  of 
benzhydrol  and  small  amounts  of  benzophenone  ;  the  latter 
was  probably  formed  through  a  spontaneous  oxidation  of 
sodium  benzhydrol,  as  the  mixture  stood  in  the  air  before  be- 
ing worked  up.  No  unchanged  benzhydrol  acetoacetate  was 
found. 

3.  Twenty-two  and  six-tenths  grams  benzhydrol  acetate  (4 
mols. )  and  5.1  grams  of  sodium  benzhydrol,  treated  as  in  i.gave 
only  traces  of  /5-diphenylpropionic  acid,  8.5  grams  of  benzhy- 
drol, and  14.7  grams  of  unchanged  benzhydrol  acetate. 

4.  Ten  grams  of  benzhydrol  acetate,  dissolved  in  absolute 
ether  and  treated  with  7  grams  of  .sodium  in  the  form  of  wire, 
reacted  completely  in  the  cold.  On  working  up  as  in  i,  4 
grams  of  benzhydrol  and  only  traces  of  benzhydrol  aceto- 
acetate were  obtained.  It  is  to  be  emphasized  that  Shaklee 
obtained  also  small  amounts  of  diacetyl  under  similar  condi- 
tions. 

The  experiments,  i  to  4,  show  that  mixtures  of  benzhydrol 
acetate  and  sodium  benzhydrol  or  sodium  do  not  interact  to 
give  an  appreciable  amount  of  benzhydrol  acetoacetate.  It 
was  now  of  interest  to  determine  what  would  happen  if  molec- 
ular amounts  of  these  reagents  were  heated  to  a  higher  tem- 
perature (150°  to  300°).  It  is  obvious  from  the  experiments 
of  Nef  that  the  dissociated  molecules  coming  first  from  the 
sodium  benzhydrol,  and  also  from  the  dissociated  benzhydrol 
acetate  (see  below),  might  alkylate  the  benzhydrol  acetate  or 
the  sodium  acetate. 
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(QH,),C<+H-CH,COOM     ^     (C,H,),CHCH,COOM, 

which  would  result  in  the  formation  of  ^-diphenylpropionate 
or  its  benzhydrol  ester.  The  experiment  was  therefore  tried, 
and,  under  the  most  favorable  conditions  (300°),  a  yield  of  75 
per  cent  of  the  theoretical  amount  of  /Q'-diphenylpropionic  acid 
was  actually  obtained. 

Benzhydrol  §-Diphcnylpropio7iate , 
(CeH3),CHCH,COOCH(C6H5),.  —  As  this  ester  might  be 
formed  by  direct  alkylation  of  benzhydrol  acetate  it  was  syn- 
thesized and  studied.  On  account  of  the  very  stable  proper- 
ties ascribed  by  Conrad  and  Hodgkinson  {loc.  cit.)  to  the 
analogous  benzyl  hydrocinnamate,  it  was  at  first  expected  that 
the  ester  must  be  exceedingly  difficult  to  saponify.  This  was 
found,  however,  not  to  be  the  case,  and  later  experiments  (see 
below)  with  the  real  synthetic  benzyl  hydrocinnamate  have 
proved  that  it  also  can  be  saponified  with  the  greatest  of  ease 
by  means  of  alcoholic  potassium  hydroxide  in  the  cold. 

/?-Diphenylpropionic  acid  was  prepared  according  to  the  di- 
rections of  Henderson.'  The  melting-point  of  the  acid,  after 
crystallization  from  ligroin,  was  found  to  be  155°,  whereas 
Henderson  gives  151°.  The  acid  crystallizes  in  needles  and 
gives  no  coloration  on  standing  with  concentrated  sulphuric 
acid.  It  is  not  volatile  with  steam.  Heated  with  an  equal 
weight  of  sodium  benzhydrol  for  six  hours,  in  a  sealed  tube, 
at  300°  to  310°,  it  was  recovered  entirely  unchanged.  The 
potassium  salt  of  /?-diphenylpropionic  acid,  dissolved  in  an 
equal  weight  of  the  free  acid,  was  now  heated  with  the  theo- 
retical amount  of  bromdiphenylmethane  for  five  hours  at  150° 
to  160°.  The  neutral  product  thus  obtained,  which  was  in- 
soluble in  cold  ether  and  soluble  in  cold  benzene,  was  recrys- 
tallized  from  alcohol  and  colorless  needles,  melting  at  112°,  were 
obtained.  The  ester  is  difficultly  soluble  in  ether  and  cold 
alcohol,  but  very  soluble  in  benzene. 

0.1831  gram  substance  gave  0.5747  gram  CO2  and  0.1072 
gram  H^O. 

1  J.  Cheni.  Soc.  (London),  59,  734. 
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Calculated  for 
(Cf,H6)2CHCHoCOOCH(C6H5),..  Found. 

C  85.7  85.4 

H  6.1  6.2 

Benzhydrol  /3-diphenylpropionate  was  saponified  with  the 
greatest  ease  by  heating  5  grams  in  an  oil-bath  at  1 10°,  for  one 
hour,  with  1.25  mol.  potassium  hydroxide  in  10  grams  alcohol. 
Two  grams  of  benzhydrol  and  2.5  grams  of/?-diphenylpropionic 
acid  (theory  2.8  grams),  melting  at  154°,  were  obtained  as  re- 
action-products. 

On  the  Alkylation  of  Acetic  Acid  by  Sodium  Benzhydrol. — 
This  was  accomplished  in  a  variety  of  ways,  all  of  which  de- 
pend on  the  same  principle,  namely,  the  absorption  of  an  ace- 
tate by  diphenylmethylene  coming  from  the  dissociation  of  a 
benzhydrol  salt.  The  following  experiments  need,  therefore, 
no  further  elucidation  : 

I .  Ten  grams  of  ethyl  acetanilide  and  1 2  grams  of  sodium 
benzhydrol  were  carefully  mixed  in  a  sealed  tube  until  homo- 
geneous, and  were  then  heated  for  eight  hours  at  160°  to  170°, 
and  finally  for  three  hours  at  220°.  The  reaction-products 
were  found  to  be  as  follows  :  6.5  grams  of  ethyl  aniline,  6.1 
grams  of  benzhydrol,  i.i  grams  of  benzhydrol  ether,  traces  of 
tetraphenyl  ethane,  and  a  small  amount  of  benzophenone 
(identified  as  phenylhydrazone,  1.7  grams  melting  at  136°,  be- 
ing obtained).  The  solid  acid  product  was  found  to  consist 
only  of  y3-diphenylpropionic  acid  (i.i  grams  melting  at  155°). 

2.  A  second  experiment,  using  10  grams  of  ethyl  acetanilide 
and  15  grams  sodium  benzhydrol,  gave,  after  heating  in  a  sealed 
tube  for  fifty  hours  (in  periods  of  about  eight  hours  daily), 
6.5  grams  of  ethyl  aniline,  5.2  grams  benzhydrol,  1.5  grams  of 
yS-diphenylpropionic  acid,  1.4  grams  of  tetraphenylethane,  and 
a  small  amount  of  benzophenone  (1.2  grams  of  phenylhydra- 
zone being  isolated). 

3.  25  grams  of  benzhydrol  acetate  and  7  grams  of  quicklime 
were  intimately  mixed  and  heated  in  a  sealed  tube  for  six 
hours  at  230°  to  250°.  Four- tenths  gram  of  /?-diphenylpro- 
pionic  acid,  7.5  grams  of  tetraphenylethane,  6  grams  of  benz- 
hydrol ether,  3.2  grams  of  benzhydrol,  besides  a  small  amount 
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of  benzophenone  (4.1  grams  phenylhydrazone)  were  obtained 
as  reaction-products. 

This  experiment  is  of  interest  in  connection  with  the  forma- 
tion of  «-butyric  acid,  observed  by  Ivjubawin,'  on  heating  ethyl 
acetate  with  quickhme  at  250°  to  280°.  Calcium  ethylate  and 
acetate  are  obviously  first  formed, 

2CH,COOCH,CH3  +  2CaO     — 

CaCOCOCHj),  4-  Ca(OCH,CHJ., 

the   ethylidene,    resulting    from   the   dissociation   of   calcium 
ethylate,  alkylates  the  acetate,  giving  calcium  butyrate. 

4.  An  intimate  mixture  of  16  grams  benzhydrol  acetate  and 
20  grams  of  sodium  benzhydrol  was  heated  for  thirty  hours,  in 
a  sealed  tube,  at  150°  to  160°.  There  was  no  pressure  on 
opening  the  tube,  and  1.5  grams  /S-diphenj'lpropionic  acid, 
besides  3.1  grams  of  benzhydrol  /S-diphenylpropionate 
were  obtained.  The  other  products  were  19  grams  benzhy- 
drol, 1.5  grams  benzhydrol  ether,  i  gram  tetraphenylethylene, 
traces  of  tetraphenylethane  and  a  small  amount  of  benzophe- 
none. 

5.  Twelve  grams  of  benzhydrol  acetate  and  one  atomic  pro- 
portion of  sodium  (1.2  grams)  were  heated  under  a  reversed 
condenser.  There  was  no  action  at  100°  ;  as  soon  as  the  bath 
reached  130°  to  140°  the  metal  dissolved  rapidly  and,  after  an 
hour's  heating  at  that  temperature,  the  following  products  were 
obtained:  i.i  grams  ^-diphenylpropionic  acid,  6.5  grams  of 
benzhydrol,  0.5  gram  tetraphenylethylene,  besides  traces  of 
the  corresponding  ethane  derivative,  and  benzophenone  (3.  i 
grams  phenylhydrazone). 

It  will  be  noticed  that  the  yield  of  monoalkylated  acetic  acid 
obtained  in  experiments  i  to  5  is  not  very  large.  At  first  this 
was  attributed  to  a  decomposition  of  this  acid  because  Nef  has 
shown  that  the  fatty  acids  have  comparatively  low  dissocia- 
tion points.'  Furthermore,  the  fact  observed  by  Karsten'  that 
>5-diphenylpropionic  acid  gives  benzophenone  by  oxidation 
with  potassium  permanganate  points  to  a  possible  dissociation 

1  Jour.  Russ.  Chem.  Ges.,  12,  81. 
"Ann.  Chem.  (Liebig),  318,  220. 
»  Ber.  d.  chem.  Ges.,  26,  1579. 
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of  the  acid  into  diphenylmethylene  and  acetic  acid.  On  further 
study,  however,  y^-dipheuylpropionic  acid  was  found  to  be  an 
exceedingly  stable  substance,  with  a  decomposition-point  cer- 
tainly above  400°.  The  following  experiment  with  beuzhy- 
drol  acetate  and  sodium  benzhydrol  proves  finally  that  the 
yield  of  monoalkylated  acetic  acid  can  be  increased  to  75  per 
cent  of  the  theoretical  amount  by  simply  heating  higher, 
namely,  to  300°. 

Ten  grams  benzhydrol  acetate  and  20  grams  of  sodium  benz- 
hydrol were  mixed  as  thoroughly  as  possible  in  a  sealed  tube 
and  then  heated  to  300°  to  310°  for  six  hours.  The  tempera- 
ture accidentally  ran  up  to  350°  for  a  very  short  time.  The 
result  was  7.5  grams  /?-diphenylpropiouic  acid,  0.2  gram  ben- 
zoic acid,  4  grams  diphenylmethane,  and  benzophenone  (6.5 
grams  phenylhydrazone). 

It  should  be  emphasized  at  this  point  that,  aside  from  the 
formation  of  y3-diphenylpropionic  acid  by  direct  alkylation, 
with  or  without  the  intermediate  formation  of  an  acetoacetic 
acid  derivative,  another  possible  interpretation  presents  itself 
and  was  carefully  considered.  The  benzophenone  first 
formed  by  the  decomposition  of  the  sodium  benzhydrol  (see 
above), 
(C.H,),C<  H-  2H0Na  ^  (C.HJ.C-O  +  Na,0  +  2H, 
might  act  as  such  with  the  benzhydrol  acetate  by  addition,  thus: 

(C.H,),C-0  +  HCH,COOCH(C«H,).     -- 
I       I 

/CH-COOCH(C«H,), 

the  resulting  /J-oxydiphenylpropionate  must  then  lose  water 
and  take  up  2  atoms  of  hydrogen  to  give  /5-diphenylpropionic 
acid.  This  interpretation  is  h  priori  highly  improbable,  for  a 
variety  of  reasons,  which  need  hardly  be  discussed  in  detail 
here.  Suffice  it  to  state  that  I  made  many  attempts  to  con- 
dense benzophenone  with  salts  of  acetic  and  isobutyric  acids, 
but  without  positive  results.  Furthermore,  the  following  ex- 
periments were  carried  out  in  order  to  ascertain  whether  the 


Reactions  of  Sodium  Benzhydrol.  87 

yield  of  alkylated  fatty  acid  is  increased  by  an  addition  of 
benzophenone  : 

1.  An  intimate  mixture  of  10  grams  of  benzhydrol  acetate, 
10  grams  of  sodium  benzhydrol  and  5  grams  benzophenone 
was  heated  in  a  sealed  tube  for  six  hours  at  300°.  Three  and 
nine-tenths  grams  of  /?-diphenylpropionic  acid,  3.5  grams  di- 
phenylmethane,  3.8  grams  of  benzhydrol  and  benzophenone 
(9  grams  of  phenylhydrazone)  were  obtained. 

2.  An  intimate  mixture  of  10  grams  benzhydrol  acetate  and 
10  grams  of  sodium  benzhydrol  was  heated  in  a  sealed  tube  at 
the  same  time  and  in  the  same  furnace  as  used  in  i.  The 
products  formed  were  3.4  grams  /5-diphenylpropionic  acid,  3.4 
grams  benzhydrol,  4  grams  diphenylmethane,  and  benzophe- 
none (4.5  grams  phenylhydrazone). 

These  experiments  show  very  clearly  that  a  considerable 
portion  of  the  sodium  benzhydrol  decomposes  as  such  (see 
above), 

2(C«H,),CH0Na     —     (C«H,),C-0  +  Na,0  +  (C«H,),CH„ 

giving  benzophenone  and  diphenylmethane,  and  these  are 
found  mostly  unchanged  at  the  end  of  the  experiment.  This 
explains  why  it  is  necessary  to  use  more  than  i  molecular  pro- 
portion of  sodium  benzhydrol  in  order  to  obtain  a  very  large 
yield  of  /5-diphenylpropionic  acid  (see  above  experiment  with 
2  molecular  proportions  of  alcoholate  at  300°  to  310°).  The 
slightly  larger  yield  of  monoalkylated  acetic  acid  obtained  in 
experiment  i,  as  compared  with  experiment  2,  is  easily  under- 
stood because  a  portion  of  the  benzophenone  added  must 
necessarily  be  reduced  to  benzhydrol  by  the  atomic  hydrogen 
set  free  by  the  action  of  diphenylmethylene  on  sodium  hydrox- 
ide. For  that  reason  also  the  amount  of  diphenylmethane  ob- 
tained in  I  is  proportionall)^  less  than  that  found  in  2. 

The  reactions  under  consideration  therefore  unquestionably 
belong  to  the  category  of  alkylation  phenomena.  That  the 
acetyl  radical  is  alkylated  directly  by  the  diphenylmethylene 
particles,  and  not  indirectly  through  an  intermediate  aceto- 
acetic  ether  formation,  is  in  the  highest  degree  probable  from 

1  Cf.  Nef  :  Ann.  Chem.  (Liebig),  318,  183. 


88  Baco7i. 

the  data  presented  above  on  the  benzyl  and  benzhydrol  aceto- 
acetate. 

There  are,  however,  undoubtedly  some  cases  where  the 
alkylation  depends  partially  or  entirely  on  an  intermediate 
formation  of  acetoacetic  acid  derivatives,  and  other  cases  where 
it  is  impossible  to  decide  decisively  between  these  two  possi- 
bilities— which  necessarily,  however,  lead  to  the  same  end  re- 
sult. 

Furthermore,  there  is  no  doubt  that  the  hydrogen  atom  in 

formic  acid  derivatives,  X — C<      ,  and  the  tertiary  hydrogen 

atom  in  isobutyric  acid  derivatives,  X — CO — Q,/  ,    is 

capable  of  direct  alkylation  by  diphenylmethylene,  as  is  shown 
by  the  following  experiments  : 

Alkylation  of  Benzhydrol  Formate. — Benzhydrol  formate  is 
readily  obtained  by  heating  a  solution  of  20  grams  of  potas- 
sium formate  and  50  grams  of  bromdiphenylmethane,  in 
formic  acid,  in  a  sealed  tube,  at  100°,  for  about  ten  hours. 
The  benzhydrol  formate  was  obtained  as  a  neutral,  colorless 
oil,  boiling  at  159°  to  160"  under  10  mm.  pressure.  An  inti- 
mate mixture  of  10  grams  of  this  oil  with  12  grams  of  sodium 
benzhydrol  was  heated  in  a  sealed  tube  for  eight  hours,  at  300° 
to  310°,  and  on  working  up  for  acids  0.2  gram  pure  diphenyl 
acetic  acid,  melting  at  146°,  were  obtained  ;  it  was  recrystal- 
lized  from  water  and  ligroin  and  coincided  in  its  properties 
with  those  given  in  the  literature.'  It  is  quite  probable  that  a 
much  larger  yield  could  be  obtained  by  further  work. 

Benzhydrol  Isobuty rate,  (CHs)jCHCOOCH(CgHJ,.— A  mix- 
ture of  50  grams  bromdiphen\  Imethane,  30  grams  potassium 
isobutyrate,  and  50  grams  isobutyric  acid  was  heated  under  a 
reversed  condenser  for  one  hour  at  150°  ;  on  pouring  into 
water,  extracting  with  ether,  washing  with  sodium  hydroxide, 
and  drying  the  ethereal  solution  with  calcium  chloride,  58 
grams  of  benzhydrolisobutyrate,  boiling  at  185°  to  187"  under 

1  Klingemann  :  Ann.  Cliem.  (Liebig),  275,84;  Zincke  :  Ibid.,  171,  122;  Dunlap  : 
This  JOURNAL,  19,  645. 
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15  mm.  pressure,  were  obtained.  The  oil  soon  changed  to  a 
colorless  solid  which  melted  at  54°,  is  quite  soluble  in  cold 
alcohol  and  ether,  and  can  be  crystallized  from  low-boiling 
ligroin. 

o.igi2  gram  substance  gave  0.5623  gram  CO.^  and  0.1239 
gram  H,0. 

Calculated  for 
(CH3)2CHCOOCH(C6H5)2.  Found. 

C  80.3  80.2 

H  7.1  7.2 

Alkylatioti  of  Benzhydrolisobiityrate,  i-Dimethyl-2-diphenyl- 
propionic  Acid,  (C6H5)2CHC(CH3).,COOH.— Nef's  experi- 
ments with  sodium  isobutyrate  and  benzophenone  at  190°  to 
220°  have  already  proved  that  isobutyric  acid  is  capable  of 
alkylation  by  diphenylmetliylene,  and  the  following  experi- 
ments simply  confirm  his  results  :' 

1.  An  intimate  mixture  of  15  grams  of  benzyl  isobutyrate 
and  25  grams  of  sodium  benzhydrol  was  heated  in  a  sealed 
tube,  for  five  hours,  at  190°  to  220°.  The  following  products 
were  obtained  :  0.8  gram  of  i -dimethyl- 2 -diphenylpro- 
pionic  acid,  in  plates,  from  ligroin,  melting  at  134°  ;  22  grams 
of  benzhydrol  ;  4  grams  of  diphenylmethane  ;  and  benzophe- 
none (4  grams  of  phenylhydrazone). 

2.  Twenty-two  grams  benzhj-drol  isobutyrate  and  15  grams 
of  sodium  benzhydrol  were  heated  in  a  sealed  tube,  for  twenty- 
six  hours,  at  100°.  Three  grams  of  isobutyric  acid  and  0.3 
gram  of  monoalkylated  isobutyric  acid  were  obtained,  besides 
16  grams  of  benzhydrol,  3  grams  of  diphenylmethane,  and  ro 
grams  of  unchanged  benzhydrol  isobutyrate. 

3.  Fifteen  grams  each  of  benzhydrol  isobutyrate  and  so- 
dium benzhydrol  were  heated  in  a  sealed  tube  for  two  and  one- 
half  hours,  at  270°  to  275°.  There  was  some  pres.sure  on 
opening  the  tube.  One-tenth  gram  benzoic  acid  and  2.7 
grams  of  i -dimethyl- 2-diphenylpropionic  acid  (separated  by 
distillation  with  steam)  were  obtained.  The  neutral  prod- 
ucts were  6  grams  of  benzhydrol,  4.7  grams  of  diphenyl- 
methane, and  benzophenone  (2.4  grams  phenylhydrazone). 

1  Ann.  Chem.  (Liebig),  318,  184. 
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4.  Ten  grams  of  benzhj'drol  isobutyrate  and  20  grams  of 
sodium  benzhydrol  were  heated  in  a  sealed  tube,  for  twenty 
hours,  at  200°  to  220°.  Only  0.8  gram  of  monoalkylated  iso- 
butyric  acid  was  obtained.  The  other  products  were  22  grams 
benzhydrol,  3  grams  diphenylmethane,  and  benzophenone  (5.9 
grams  plienylhydrazone). 

5.  Ten  grams  of  benzhydrol  isobutyrate  and  15  grams 
sodium  benzhydrol  were  heated  in  a  sealed  tube,  for  eight 
hours,  at  300°  to  310°.  Four  grams  of  benzoic  acid  and  3.1 
grams  monoalkylated  isobutyric  acid  were  obtained.  The 
neutral  portion  gave  6.  i  grams  of  diphenylmethane,  and  benzo- 
phenone (5.9  grams  phen}'lhydrazone). 

6.  Ten  grams  benzhydrol  isobutyrate  and  20  grams  sodium 
benzhydrol  heated  in  a  sealed  tube,  for  eight  hours,  at  270°  to 
300°,  gave  6.3  grams  of  benzoic  acid  and  2.8  grams  of  i-di- 
methyl-2-diphen5dpropionic  acid,  8.2  grams  diphenyl- 
methane, 1.2  grams  benzhydrol  and  benzophenone  (3.6  grams 
phenylhydrazone)  were  obtained  from  the  neutral  portion. 

The  experiments  i  to  6  show  that,  at  best,  the  yield  of  mono- 
alkylated isobutyric  acid  is  about  30  per  cent ;  the  sodium 
benzhydrol,  in  great  part,  decomposes,  as  such,  by  heating,  and 
therefore  about  equal  molecules  of  diphenylmethane  and  benzo- 
phenone (or  its  decomposition-products)  are  always  obtained. 

The  Dissociation  of  Benzhydrol  Acetate. — NePs  experiments 
have  proved  that  benzhydrol  and  its  derivatives,  such  as  benz- 
hydrol ether,  benzhydrol  ethyl  ether,  benzhydrol  acetate,  ben- 
zoate,  etc..  all  dissociate  at  300°  into  diphenylmethylene.' 
This  explains  why,  with  concentrated  sulphuric  acid,  all  these 
compounds,  as  well  as  benzilic  acid,  give  the  same  deep  red 
coloration  which  is  simply  due  to  the  formation  of  polymerized 
diphenylmethylene  particles.  Preliminary  experiments  by 
Nef  with  benzhydrol  acetate"  have  shown  that  this  substance 
decomposes  at  300°,  giving  acetic  acid,  tetraphenylethylene, 
and  ethane.  I  have  studied  this  reaction  more  in  detail,  with 
larger  amounts  of  material.  Twenty-five  grams  of  benzhy- 
drol acetate  were  heated  in  a  sealed  tube,  at  300°  to  310°,  for 

1  Ann.  Chem.  (Liebig),  298,  231-245. 
-  Loc.  cit.,  p.  244. 
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twenty-four  hours,  i.  <?.,  for  three  days  of  eight  hours  each 
No  pressure  was  noticed  on  opening  the  tube,  but  the  contents 
were  dark-colored  and  gave  a  strong  odor  of  acetic  acid. 

On  adding  sodium  hydroxide  and  ether  a  portion  remained 
insohible  and  was  filtered  off  and  dissolved  in  cold  benzene. 
Tetraphenylethane  must,  therefore,  be  absent.  The  ben- 
zene extract  gave,  on  addition  of  alcohol,  10.8  grams  of 
pure  tetraphenylethylene,  melting  at  221°.  Not  a  trace  of 
/?-diphenylpropionic  acid  (monoalkylated  acetic  acid)  could  be 
found  in  the  alkaline  solution.  The  ether  extract  gave,  on 
fractionation  under  10  mm.  pressure,  4.9  grams  of  oil  boiling 
at  140°  to  170°.  This,  on  treatment  with  alcoholic  phenylhy- 
drazine,  yields  2.5  grams  of  benzophenone  phenylhydrazone, 
melting  at  137°,  and  2.1  grams  of  diphenylmethane  boiling  at 
255°  to  260°. 

The  experiment  just  described  shows  that  60  per  cent  of  the 
benzhydrol  acetate  decomposes  as  follows  : 

2(C«H,),CHOCOCH3  ^   (C,H,),C  :  C(CeH,),  -f  2CH3COOH. 

The  formation  of  tetraphenylethylene  may  be  due  to  a  direct 
polymerization  of  the  diphenylmethylene  particles  as  such,  or 
is  more  probably  due  to  an  alkylation  of  the  non-dissociated 
benzhydrol  acetate  by  the  diphenylmethylene,' 

(C,H,),C<  +  H-C/  ^   (C,H,),CHC^ 

\OCOCH3  \OCOCH3 

with  subsequent  loss  of  acetic  acid  from  the  addition-product 
thus  formed. 

A  portion  of  the  diphenylmethylene  particles  probably  also 
act  with  the  acetic  acid  as  follows  : 

(CeH,),C< -f  2H-OCOCH3     - 

(QHJ,C(OCOCH3),  +  2H  -f 

(CeH,),C=0  +  (CH3CO),0  +  2H. 

The  atomic  hydrogen  thus  set  free  is  at  once  absorbed  by  more 
diphenylmethylene  to  give  diphenylmethane.  This  explains, 
in  an  adequate  manner,  the  formation  of  benzophenone  and 

1  Cf.  Nef:  Ann.  Chem.  (Liebig),  335,  261. 
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diphenylmethane  in  the  dissociation   experiment  with  benzhy- 
drol  acetate  described  above. 

Nef  has  repeatedly  called  attention  to  the  fact  that  catalytic 
agents  increase,  to  a  very  marked  extent,  the  percentage  of 
dissociated  particles  present  at  a  definite  temperature.  The 
following  experiment  is  of  interest  in  this  connection  :  On 
May  ist,  1903,  I  placed  in  the  sunlight  a  sealed  tube  contain- 
ing ID  grams  of  molten  benzhydrol  acetate.  The  liquid  soon 
assumed  a  yellow  color  with  greenish  tinge.  The  tube  stood 
until  Oct.  19th,  of  the  same  year,  and  by  that  time  a  considera- 
ble amount  of  solid  had  separated.  A  strong  odor  of  acetic 
acid  was  noticed  on  opening  the  tube  ;  1.7  grams  of  tetra- 
phenylethylene,  melting  at  222°,  besides  acetic  acid  and  7.5 
grams  of  unchanged  benzhydrol  acetate  were  the  only  reaction- 
products  obtained. 

A  preliminary  experiment  with  benzhydrol  ethyl  ether  has 
shown  that  it  decomposes  on  heating  at  300°,  in  a  distilling- 
flask,  without  air  access,  intoacetaldehyde,  tetraphenylethane, 
and  benzophenone.' 

Finally,  in  this  connection,  I  should  like  to  make  .some  re- 
marks on  the  dissociation  of  dibenzyl  sulphide,  which  has  re- 
cently been  worked  out  by  Fromm  and  Achert.^  These  chem- 
ists obtained  hydrogen  sulphide,  toluene,  stilbene,  thionessal 
(tetraphenylthiopheue),  and  .y-tetrapheuylbutane  as  decompo- 
sition-products. The  results  are  easily  understood  on  the 
basis  of  a  primary  dissociation  of  benzyl  sulphide  into  hydrogen 
sulphide  and  2  molecules  of  phenylmethylene.  Dibenzyl  has 
also  been  noticed  as  a  decomposition-product  by  previous  ob- 
servers, but  not  by  Fromm  and  Achert.  This  was  probably 
due  to  the  fact  that,  in  their  experiments,  the  dibenzyl  first 
formed  was  entirely  alkylated  by  phenylmethylene  as  follows  : 

H 
CgHr, — C — H  CeHsCH — CHjCjHs 

I  +2C.H,CH<     ^  I 

QH-C-H  C,H,CH-CH.,C«H, 

H 

'  Cf.  Goldthwaite  :  This  Journal,  30,  447. 
5  Ber.  d.  chem.  Ges.,  36,  534. 
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The  following  experiment,  in  which  ^-tetraphenylbutane  is 
obtained  from  benzyl  chloride  by  simply  heating  it  with  dry 
potassium  oxalate,  is  evidence  in  favor  of  the  view  just  pre- 
sented. 

An  intimate  mixture  of  20  grams  benzyl  chloride  and  35 
grams  anhydrous  potassium  oxalate  was  heated  in  an  oil-bath, 
at  160°,  for  four  hours.  By  treating  the  mass  with  water  a 
small  amount  of  solid  remained  undissolved.  On  crystallizing 
this  from  a  mixture  of  acetone  and  alcohol,  1.8  grams  of 
^-tetraphenylbutane,  melting  at  254°  to  255°,  were  obtained  in 
the  form  of  pearly  scales. 

On  the  Actio?!  of  Sodium  ofi  the  Benzyl  Esters  of  Acetic,  Pro- 
pionic, Butyric,  and  Isobutyric  Acids — A  Revision  of  Conrad  aiid 
Hodgkinsoji's  Work. — The  experiments  of  Conrad  and  Hodg- 
kinsou  on  the  action  of  sodium  on  the  benzyl  esters  of  the 
acids  just  named^  whereby,  apparently,  the  «-monobenzylated 
derivatives  of  these  esters  are  obtained  as  the  chief  reaction- 
products  have  already  been  briefly  discussed  above.  Such  an 
alkylation  is  entirely  in  harmony  with  the  data  accumulated 
by  Nef  and  with  my  own  observations  on  the  action  of  sodium  or 
sodium  benzhydrol  on  benzhydrol  acetate  and  isobutyrate,  re- 
spectively. The  properties  ascribed  by  Conrad  and  Hodgkin- 
sin  to  the  esters  obtained  are,  however,  so  unu.sual  that  it 
seemed  very  doubtful  whether  the  substances  actually  pre- 
pared had  the  constitutions  assigned  to  them.  The  esters  in 
question  are  all  mentioned  as  being  capable  of  only  very  slight 
saponification,  even  after  prolonged  digestion  with  alcoholic 
potassium  hydroxide,  or  by  treatment  with  soda-lime  at  higher 
temperatures.  The  simplest  way  to  test  this  point  was  ob- 
viously to  synthesize  benzyl  hydrocinnamate,  and  then  to  com- 
pare it  with  the  main  reaction-product  obtained  by  Conrad 
and  Hodgkinson  from  sodium  and  benzyl  acetate.  This  was 
accordingly  done,  and  the  synthetic  product  was  found  to  be- 
have in  an  entirely  different  manner  toward  alcoholic  potassium 
hydroxide. 

Synthesis  and  Properties  of  Benzyl  Hydrocinnamate, 
C.HjCHjCH^COOCH.CeH^.  —  Hydrocinnamic   acid   was  con- 

1  Ann.  Chem.  (Liebig),  193,  298  ;  aoi,  166. 
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verted  into  the  silver  salt  by  neutralization  with  ammonia  and 
precipitation  with  aqueous  silver  nitrate.  The  salt  was  puri- 
fied by  crystallization  from  hot  water,  well  dried  and  then 
heated  in  a  sealed  tube,  for  eight  hours,  at  ioo°,  with  the  cal- 
culated amount  of  benzyl  chloride,  diluted  with  2  volumes  of 
absolute  ether.  Benzyl  hydrociunamate  was  obtained  as  a 
colorless  oil,  boiling  at  190°  to  195°  under  10  mm.  pressure. 

0.1527  gram  substance  gave  0.4463  gram  CO.^  and  0.0920 
gram  H^O. 

Calculated  for 
C8H5CH2CHoCOOCH..C,iH.-,.  Found. 

C  80.0  79.7 

H  6.7  6.7 

Ten  grams  of  this  oil  were  at  once  mixed  with  the  theoreti- 
cal amount  of  alcoholic  potash  and  allowed  to  stand  for  two 
hours  in  the  cold.  Reaction  took  place  at  once,  on  work- 
ing up  the  mixture  3.7  grams  of  benzyl  alcohol,  boiling  at 
204°  to  208°,  and  5  grams  of  hydrocinnamic  acid,  crystallized 
from  ligroin  and  melting  at  48°,  were  obtained.  This  striking 
ease  of  saponification  of  benzyl  hydrociunamate  is  not  surprising 
in  view  of  the  statement  of  Erlenmeyer,'  "  the  ethyl  ester  of 
hydrocinnamic  acid  is  formed  with  marvelous  ease,  likewise  it 
turns  acid  simply  by  contact  with  moist  air." 

Repetition  of  Conrad  and  Hodgkinson's  Experimeyit  with 
Sodium  and  Benzyl  Acetate. — As  mentioned  above,  benzyl  ace- 
tate and  sodium  react,  in  absolute  ethereal  solution,  at  ordinary 
temperatures,  giving  chiefly  sodium  benzylate  and  acetate  be- 
sides small  amounts  of  diacetyl  and  benzyl  acetoacetate  (not 
over  2  per  cent). 

A  mixture  of  100  grams  benzyl  acetate  and  7  grams  of 
sodium,  cut  in  pieces  about  the  size  of  a  pea,  does  not  interact 
in  the  cold.  It  was,  therefore,  heated,  under  a  reversed  con- 
denser, in  an  oil-bath,  with  a  thermometer  in  the  mixture. 
As  soon  as  the  inside  temperature  reached  125°  a  reaction  was 
noticed  ;  the  oil- bath  was  at  once  removed,  the  reaction  pro- 
ceeded with  violence  and  the  temperature  rose  to  185°.  It  is 
essential  for  success  that  there  be  a  great  rise  of  temperature, 

'  Ann.  Chem.  (Liebig),  137,  330. 
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as  previous  experiments  have  proved  that,  when  smaller 
amounts  of  material  are  used  and  when  care  is  taken  to  have 
the  reaction  proceed  more  slowly,  practically  no  high  boiling 
products  at  all  are  obtained.  Kven  in  the  experiment  just  de- 
scribed m}'  yield  of  high-boiling  material  was  smaller,  com- 
paratively, than  that  given  by  Conrad  and  Hodgkinson.  The 
reaction  was  completed  in  twenty  minutes,  and  the  dark-brown 
mixture  in  the  flask  was  treated  with  dilute  sulphuric  acid  and 
extracted  wnth  ether.  The  ether  extract  was  then  successively 
extracted  with  sodium  carbonate  and  sodium  hydroxide  and 
thus  resolved  into  acid  and  neutral  products.  One  and  one-tenth 
grams  of  cinnamic  acid,  melting  at  131°,  were  found  in  the 
carbonate  solution.  The  caustic  alkali  gave  a  small  amount  of 
oil  having  the  properties  of  benzyl  acetoacetate.  The  main 
reaction-products  were  found  to  be  neutral  in  character,  and 
were  fractionated  twice  under  10  mm.  pressure.  A  small 
amount  of  toluene,  boiling  at  105°  to  108°  under  ordinarj^ 
pressure,  was  obtained  from  the  first  fraction  ;  then  came  71 
grams  of  oil  boiling  from  90°  to  100°  under  10  mm.  pressure. 
This  was  obviously  what  Conrad  and  Hodgkinson  considered 
to  be  unchanged  benzyl  acetate.  It  consists,  however,  chiefly 
of  benzyl  alcohol.  The  first  fractions,  30  grams,  had  only  the 
faintest  odor  of  benzyl  acetate.  The  71  grams  of  oil  obtained 
gave,  furthermore,  on  treatment  with  1.25  mol.  alcoholic  potas- 
sium hydroxide  in  the  cold,  62  grams  of  pure  benzyl  alcohol, 
boiling  at  204°  to  206°.  On  further  fractionation  of  the  residue 
in  the  distilling-flask,  12  grams  of  oil,  boiling  at  160°  to  190° 
under  10  ram.  pressure,  were  obtained,  and  some  tar.  This  oil 
was  now  digested  for  two  hours  with  3  grams  alcoholic  potash 
at  110°,  and  on  working  up  for  neutral  and  acid  products,  3.4 
grams  of  crude  hydrocinnamic  acid,  boiling  at  275°  to  290°, 
were  obtained.  It  soon  solidified,  and  gave,  on  crystallization 
from  ligroin  (b.  p.  70°  to  80°),  3  grams  of  the  pure  acid  melt- 
ing at  47°.  The  neutral  portion,  distilled  twice  under  13  mm. 
pressure,  gave  3.2  grams  of  benzyl  alcohol,  boiling  at  95°  to 
100°,  and  4  grams  oil  boiling  at  155°  to  165°.  The  latter  was 
proved   to  be  benzyl  ether  by  comparison  with  a  synthetic 
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product'  (b.  p.  167°  to  168°  under  15  mm.  pressure),  and  also 
by  analysis  : 

0.1922   gram  substance  gave  0.5962  gram  CO^  and  0.1245 
gram  H.^O. 


Calculated  for 

(CeH6CH,.)20. 

Found. 

c 

84.8 

84.6 

H 

71 

7.2 

From  the  above  data  it  is  obvious  that  two-thirds  of  the  high- 
boiling  oil  consisted  of  benzyl  hydrocinnamate  and  the  remain- 
ing third  of  benzyl  ether.  Judging  from  their  data,  Conrad 
and  Hodgkinson  must  have  had  relatively  far  more  benzyl 
ether  in  their  high-boiling  oil.  It  should  be  emphasized  here 
that  benzyl  ether  burns  with  great  difficulty  ;  furthermore, 
that,  according  to  repeated  observations  of  Nef,  mixtures  of 
benzyl  alcohol  and  benzyl  ether,  containing  also  some  phenyl 
methylene,  are  very  hard  to  separate  completely  by  fractional 
distillation  under  ordinary  pressure.  Finally,  it  is  clear  from 
the  facts  presented  in  this  paper  that  the  neutral  and  high- 
boiling  products  obtained  by  Conrad  and  Hodgkinson,  after 
treatment  with  alcoholic  potassium  hydroxide,  must,  in  all 
cases,  have    consisted  largely  of  benzyl  ether. 

Benzyl  hohityrate  and  Sodium  Beyizylate. — As  the  action  of 
sodium  on  benzyl  derivatives,  in  Conrad  and  Hodgkinson's  ex- 
periments, obviously  depends  on  the  intermediate  formation  of 
sodium  benzylate,  and,  owing  to  the  resulting  high  tempera- 
ture, on  the  subsequent  alkylation  by  the  phenylmethylene  of 
the  products  present,  the  following  experiment  was  carried  out 
in  the  expectation  that  a  benzylated  isobutyric  acid  would  re- 
sult: 

An  intimate  mixture  of  20  grams  benzyl  isobutyrate  and  15 
grams  sodium  benzylate  was  heated  in  a  sealed  tube,  for  four 
hours,  at  300°  to  310°,  and  then  worked  up  for  acid  and  neu- 
tral products  :  4  grams  of  isobutyric  acid,  5.8  grams  of  ben- 
zoic acid  melting  at  122**,  but  no  trace  of  an  ar-benzylated  iso- 
butyric acid  was  obtained.  The  neutral  portion  contained 
traces  of  benzaldehyde,  as  proved  by  the  isolation  of  0.2  gram 

'  Lowe  :  Ann.  Chem.  (Liebig),  341,  374. 
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of  phenylhydrazone  melting  at  156°.  The  main  products 
were,  however,  6.  i  grams  of  benzyl  alcohol  boiling  at  94°  to 
100°  under  10  mm.  pressure,  and  benzyl  ether,  8.1  grams, 
boiling  at  130®  to  170®  under  the  same  pressure.  The  latter 
was  practically  unaffected  by  digestion  with  alcoholic  potash 
at  150°.  On  refractionation,  under  8  mm.  pressure,  2  grams 
of  oil  boiling  at  150°  to  159°,  and  3.5  grams  of  oil  boiling  at  159® 
to  160°,  were  recovered.  Analysis  of  the  latter  showed  that  it 
was  pure  benzyl  ether. 

0.1793  gram  substance  gave  0.5562  gram  CO.^ando.1146 
gram  H,0. 


Calculated  for 

(CsH5CH2)20. 

Found. 

c 

H 

84.8 
71 

84.6 

7-1 

According  to  Lowe  {loc.  cit.),  benzyl  ether  gives  toluene  and 
benzaldehyde  on  prolonged  heating  at  315*.  I  have  found 
that  pure  benzyl  ether  very  slowly  yields  toluene  and  benzoic 
acid  on  prolonged  digestion  with  alcoholic  potassium  hydroxide 
at  150°,  or  on  heating  with  solid  potassium  hydroxide  or  soda- 
limeat  2od°. 

It  is  noteworthy  that,  in  the  reaction  just  described,  a  large 
amount  of  benzyl  ether,  but  not  a  trace  of  o'-benzylated  iso- 
butyric  acid  is  obtained.  The  corresponding  reaction  with 
sodium  benzhydrol  and  benzhydrol  isobutyrate,  at  300°,  gave 
a  30  per  cent  yield  of  monoalkylated  isobutyric  acid  (see 
above). 

Finally,  it  is  to  be  emphasized  here  that  the  substance  de- 
scribed by  Hodgkinson*  as  o'-benzylated  isobutyric  benzyl  ester 
is  exceedingly  stable  toward  alcoholic  potash  and  never  gave 
or-benzylated  isobutyric  acid  by  saponification  under  any  con- 
ditions. I  therefore  consider  it  extremely  probable,  in  view 
of  the  data  just  presented,  that  Hodgkinson's  substance  in 
reality  consisted  simply  of  benzyl  ether.  He  succeeded,  for 
instance,  in  obtaining  from  it,  by  means  of  soda-lime  at  200", 
toluene  and  benzoic  acid. 

In  conclusion,  I  desire  to  thank  Dr.  Nef  for  his  painstaking 
scrutiny  and  his  inspiring  interest  in  connection  with  this 
work. 

'  Ann.  Chem.  (Liebig),  301,  166. 
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Die  Galvanoplastik.  Von  Dr.  W.  Pfanhauser,  Fabrikant  von 
Maschinen,  Apparaten,  und  Chemischen  Praparaten  fiir  Elektroplat- 
tierung,  Galvanoplastik,  und  Metallpolierung.  Mit  35  in  deni  Text 
gedruckten  abbildungen.  Halle,  a.  S.  :  Verlag  von  Wilhelm  Knapp. 
1904.     pp.  138. 

This  little  monograph  on  applied  electrochemistry  deals 
with  its  subject  under  the  following  general  heads.  The 
various  "  forms"  that  are  used,  such  as  the  metals,  wax,  gutta- 
percha, gypsum,  etc.,  are  considered. 

The  means  of  conducting  the  current  are  then  discussed, 
such  as  covering  the  material  in  question  with  graphite  or  with 
a  thin  layer  of  metal. 

The  different  baths  that  are  employed,  the  choice  of 
anodes,  and  the  arrangement  of  apparatus  are  then  taken  up 
and  treated  at  sufficient  length  to  be  clearly  intelligible  to  any 
one  who  has  even  an  elementary  knowledge  of  technical  elec- 
trochemistry. The  monograph  can  be  recommended  to  all 
who  are  interested  in  this  subject.  h.  c.  j. 

Electrolytic  Copper  Refining.  By  Titus  Ulke,  M.E.,  Consulting 
Electrochemist.  Member  of  the  Anier.  Electrochem.  Soc.  and  Anier. 
Inst.  Min.  Engineers.     New  York  :  John  Wiley  &  Sons.     1904. 

DiB  elektrolytische  Raffination  des  Kupfers.  Von  Titus  Ulke. 
Ins  Deutsche  iibertragen  von  Viktor  Engelhardt,  Ober-Ingenieur 
und  Chemiker  der  Siemens  &  Halske,  A.  G.,  Wien.  Halle,  a.  S.  : 
Druck  und  verlag  von  Wilhelm  Knapp.  1904.  pp.  152.  Price,  8 
marks. 

This  small  book  is  made  up  largely  of  articles  which  have 
been  published  in  Mineral  Industry.  It  contains  a  good  deal 
of  valuable  information  and  is  instructive  to  those  who  know 
enough  about  the  refining  of  copper  to  enable  them  to  weed 
out  the  true  from  the  misleading  statements.  i.  r. 

A  Laboratory  Manual  of  Organic  Chemistry  for  Beginners. 
By  Dr.  A.  F.  Holleman,  Professor  Ordinarius  in  the  University  of 
Groningen,  Netherlands,  and  Fellow  of  the  Royal  Academy  of  Sciences, 
Amsterdam.  An  Appendix  to  the  Author's  Text-book  of  Organic 
Chemistry.  Translated  from  the  Dutch  by  A.  Jamie  son  Walker, 
Ph.D.  (Heidelberg),  B.A.,  Head  of  the  Department  of  Chemistry, 
Technical  College,  Derby,  England,  with  the  co  operation  of  the 
Author.  New  York  :  John  Wiley  &  Sons  ;  London  :  Chapman  &  Hall, 
Limited.     1904.     i2mo.     pp.  xiv -(- 7^     Cloth.     Price,  $1.00  net. 

The  author  of  this  little  book  seems  to  think  that  the  idea 
of  working  with  the  compounds  of  carbon  in  the  laboratory  as 
a  part  of  a  course  in  organic  chemistry  is  rather  a  new  one. 
It  may  be  in  the  Netherlands.  It  is  not  elsewhere.  The 
author's  text-book  of  organic  chemistry  is  an  excellent  book 
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and  has  been  highly  spoken  of  in  this  Journal,*  but  the 
laboratory  manual  is  much  less  satisfactory.  A  laboratory 
manual  ought  to  be  a  safe  guide  for  the  student  in  the  labora- 
tory. If  it  leaves  everything  to  the  teacher,  it  fails  of  its  pur- 
pose. The  directions  here  given  are  so  meager  that  a  student 
would  certainly  fail  in  his  efforts  to  perform  the  experiments 
unless  his  teacher  should  give  him  a  lot  of  supplementary  di- 
rections. Take  acetaldehyde,  for  example,  page  20.  These 
are  the  directions:  "A  mixture  of  60  grams  of  water,  20 
grams  of  Concentr.ited  sulphuric  acid,  and  15  grams  of  90  per 
cent  alcohol  is  added  to  13  grams  of  potassium  dichromate 
contained  in  a  200  cc.  fractionating  flask  connected  with  a 
condenser.  Sometimes  the  oxidation  begins  spontaneously. 
Should  it  not,  however,  the  flask  is  gently  heated  on  a  sand- 
bath,  with  a  rapid  current  of  cold  water  flowing  through  the 
condenser.  A  mixture  of  water,  alcohol,  acetaldehyde,  and 
acetal  distils,  and  can  be  used  in  carrying  out  the  aldehyde- 
reactions  described  in  2,  3,  and  4."  If  the  experience  of  thirty 
odd  years  is  worth  anj'thing,  that  experiment  is  doomed  to 
failure. 

Under  formic  acid  nothing  is  said  about  the  temperature  to 
which  the  mixture  of  glycerol  and  oxalic  acid  is  to  be  heated. 
Similar  criticisms  are  applicable  to  practically  all  the  directions 
given  in  the  book.  It  is  hard  to  see  what  purpose  it  will  serve 
that  is  not  much  better  served  by  several  other  books  already 
in  use.  I.  R. 

Die    elektrochemische     Reduktion    der    Nitroderivate   Or- 

GANISCHER  VERBINDUNGEN  IN  EXPERIMENTELLER  UND  ThEORET- 
ISCHER  Beziehung.  By  JOH.  M0LI.ER.  Halle,  a.  S.  :  Wilhelm 
Knapp.     1904. 

This  small  book  of  113  pages,  exclusive  of  the  excellent  in- 
dex, gives  an  interesting  account  of  the  results  that  have  been 
attained  in  its  field.  The  application  of  the  electric  current 
in  organic  synthesis  has  been  developed  chiefly  during  the  last 
seven  years,  and  at  present  a  large  number  of  important  sub- 
stances are  prepared  in  this  way.  Mixed  azo  com.pounds  and 
many  others  can  be  obtained  with  greater  ease,  or 
in  some  cases,  only  by  this  method.  The  points  of  chief  im- 
portance are  the  proper  selection  of  current  strength,  the 
character  and  material  of  the  electrodes,  and,  at  times,  the 
use  of  diff"erent  condensing  agents  to  stop  the  action  at  the  de- 
sired phase.  According  to  the  conditions,  the  products  may 
be  either  primarj'  or  secondary.  In  the  first  case  the  ions, 
after  losing  their  charges,   combine  with  one  another,  as  in 

'  This  Journal,  31,  190. 
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Kolbe's  classical  synthesis  of  ethane  by  the  electrolysis  of 
potassium  acetate  solution.  When  of  a  secondary  nature,  the 
products  are  formed  by  the  oxidatian  or  reduction  of  the  dis- 
charged ions,  or  by  the  action  of  other  substances  that  may  be 
present  in  the  solution.  For  instance,  when  alcoholic  solution 
of  potassium  chloride  is  electrolyzed,  chloral  is  obtained  proba- 
bly according  to  the  equations  : 

I.     CHj.CHj.OH  +  2CI     =     2HCI+ CH3.COH, 
or  CH3.CH,.0H  +  O     =     H,0  +  CH3.COH  ; 

and  II.     CH3.COH  -f  6C1     =     3HCI  +  CCI^.'COH. 

In  like  manner,  when  nitrobenzene,  in  solution  of  alcoholic 
hydrochloric  acid,  is  hydrolyzed,  phenyl  hydroxylamine  is  ob- 
tained which  is  then  acted  on  by  hydrochloric  acid,  giving 
phenyl  chloramine.  The  method  evidently  is  one  with  great 
possibilities  for  nitroso,  hydroxylamine,  azoxy,  azo,  hydrazo, 
amino,  aminoxy,  diaminodiphenyl,  and  benzidine  derivatives 
are  obtained  when  nitro  compounds  are  electrolyzed.  With 
the  exception  of  the  last  class,  all  of  these  can  be  formed  in 
alkaline,  as  well  as  in  acid  solution. 

In  the  first  part  of  the  book  the  methods  employed  in  carry- 
ing out  reductions  in  acid  and  alkaline  solution  are  given  in 
detail.  Then  follows  a  discussion  of  the  theories  proposed  by 
Haber,^  Chilesotti,"  and  Lob,*  to  account  for  the  observed 
phenomena. 

The  book  is  one  that  should  be  in  the  hands  of  every  one 
who  wishes  to  become  informed  on  the  subject.  It  is  clearly 
written,  and  there  are  numerous  references  to  the  literature. 
It  is  hardly  necessary  to  say  that  it  is  well  printed. 

c.  E.  w. 

1  Ztschr.  Elektrochem.,  1897-98,  p.  506. 
«  Ibid.,  1900-01,  p.  768. 

3  "  Unsere  Keuntnisse  in  der  Elektrolyse  und  Elektrosynthese  organischer  Ver- 
bindungen,"  p.  63. 
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PRIMARY  ARSINES. 

By  William  M.  Dehn. 
THEORETICAL. 

The  elements  of  the  nitrogen  group  yield  character- 
istic trihydrogen,  trihalogen  and  pentahalogen  derivatives. 
Most  of  the  compounds  of  these  series  have  been  prepared  and 
studied,  but  a  few,  particularly  some  of  the  pentahalides,  are 
yet  unknown. 

All  of  the  pentahalogen  compounds  of  phosphorus,  except 
the  iodide  and  of  antimony,  except  the  bromide,  have  been 
prepared.  Only  the  pentachloride  of  arsenic  is  known, ^ 
although  the  iodide  was  probably  obtained  by  Sloane'^.  Nitro- 
gen and  bismuth,  the  two  extremes  of  the  nitrogen  group, 
have  both  resisted  the  efforts  of  chemists  to  prepare  their  pen- 
tahalogen derivatives.  All  of  the  known  pentahalides  are  un- 
stable, especially  at  elevated  temperatures  and  in  the  presence 
of  water.  This  instability  accounts  for  the  difl&culty  of  their 
preparation. 

1  J.  Am.  Chem.  See,  34,  1070  ;  a6>  632. 
*  Chem.  News,  46.  196. 
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The  trihalides  of  the  nitrogen  family,  on  the  other  hand,  are 
usually  stable,  consequently  we  find  that  most  of  them  have 
been  obtained.  The  only  unknown  trihalogen  compound  is 
the  fluoride  of  nitrogen,  with  the  corresponding  bromide  doubt- 
ful.' 

The  hydrides  of  the  nitrogen  elements  are  compounds  of  con- 
siderable stability  which  decreases,  however,  with  increase  of 
the  atomic  weight  of  the  element  combining  with  hydrogen. 
Although  ammonia,  phosphine  and  arsine  are  stable  in  the 
presence  of  water  and  at  ordinary  temperatures,  stibine  is 
slowly  decomposed  by  water*  and  suflfers  partial  decomposi- 
tion at  a  temperature  even  as  low  as  — 60°.' 

Though  there  are  a  number  of  gaps  in  the  above-mentioned 
series  of  compounds  of  the  nitrogen  elements,  it  seems  very 
probable  that,  when  investigators  have  the  time  and  inclination 
to  determine  the  conditions  of  their  formation  and  existence, 
we  shall  find  perfectly  analogous  series  in  the  hydride  and 
halogen  compounds. 

Striking  similarities  between  the  elements  of  the  nitrogen 
group  are  especially  recognizable  in  the  alkyl  substitution- 
products  of  their  hydrides.  For  a  number  of  years  the  com- 
plete analogy  of  the  phosphorus  alkyl  compounds  to  those  of 
nitrogen  has  been  acknowledged.  The  research  of  A.  W. 
Palmer  on  the  secondary  arsines*  and  the  completion  of  this 
work  on  the  primary  arsines^,  have  extended  this  analogy  to 
the  alkyl  substituents  of  the  arsenic  hydrides. 

The  existence  of  the  alkyl  amines  was  predicted  by  Liebig 
as  early  as  1842.®  Seven  years  later  Wiirtz  prepared  the 
primary  amines.'  In  1851  A.  W.  Hofmann  discovered 
the  method  by  which  the  three  classes  of  amines  and 
the  alkyl  ammonium  bases  may  be  formed  simultane- 
ously.*    Upon  working  out  their  separation,  more  than  half  a 

1  Ann.  Chem.  (I,iebig),  69,  75. 

*  J.  Am.  Chem.  Soc,  1,  641  (1876). 
s  Monatsh.  Chem.,  5,  127. 

*  Ber.  d.  chem.  Ges.,  37,  1378. 

*  A.  W.  Palmer  and  W.  M.  Dehn  :  Ibid.y  34,  3594. 

*  Handworterbuch,  i,  689. 

'  Ann.  Chem.  (Liebig),  71,  330  ;  76,  318. 

*  Ibid.,  79,  19. 
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century  ago,  he  established  the  existence  of  primary,  second- 
ary and  tertiary  amines. 

Though  phosphine  is  much  less  basic  than  ammonia  it  forms 
alkyl  substituents  perfectly  analogous  to  those  of  the  amines. 
The  first  representative  of  these  compounds,  tertiary  phosphine, 
was  prepared  in  1846,  by  Thenard.^  The  existence  of  the  pri- 
mary and  secondary  phosphines  was  not  established  until  1871, 
when  Hofmann*  condensed  phosphonium  iodide  and  alkyl 
iodides  by  means  of  zinc  oxide,  obtaining  both  primary  and 
secondary  phosphines  in  the  reaction  products.  Representa- 
tives of  all  the  phosphines  have,  therefore,  been  known  for  over 
thirty  years. 

Arsine  differs  from  ammonia  and  phosphine  in  being  devoid 
of  basic  properties,  but,  like  the  other  two,  it  forms  all  classes 
of  alkyl  substitution  products.  Tertiary  alkyl  arsine  has  been 
known  since  1858,  when  it  was  discovered  by  Hans  Landolt.* 
He  prepared  it  by  treating  sodium  arsenide  with  alkyl  iodide. 
A  secondary  arsine  was  first  prepared  by  Palmer,  in  1894,*  by 
reducing  cacodyl  chloride  with  zinc  and  hydrochloric  acid  in 
alcoholic  solution.  Two  years  ago  the  discovery  of  the  primary 
arsines  was  announced  from  this  laboratory.*  Since  1901  the 
study  of  these  bodies  has  been  continued,  a  representative 
series  of  them  has  been  prepared  and  their  reactions  studied. 

Phosphorus,  arsenic  and  antimony  form  mono-  and  dialkyl 
acids  of  the  types  : 

R,XOOH  and  RXO(OH),, 

in  which  X  is  the  element  of  the  nitrogen  group.  Nitrogen 
apparently  differs  from  the  three  in  not  forming  acids  of  these 
types.  The  nitro  bodies,  however,  may  be  considered  as  being 
derived  from  acids  of  the  second  type  : 

RNO(OH),  —  H,0     =     RNO,. 

The  polybasic  nitrogen  acids  are  unstable ;  if  a  nitrogen  acid  of 
the  above  type  were  formed  it  would  change  easily  into  the 

1  Berz.  Jahresber.,  a6,  598. 

*  Ber.  d.  chem.  Ges.,  4,  430. 

*  Ann.  Chem.  (Liebig),  89,  321. 
■•  Ber.  d.  chem.  Ges.,  ay,  1378. 

»  Ibid.,  34,  3594. 
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nitro  compound.  A  striking  analogy  between  the  nitro  bodies 
and  the  acids  of  the  above  type  is  observed  in  the  aromatic  ar- 
sonic  acids.  On  being  heated  these  lose  one  molecule  of  water 
and  change  to  nitro-like  compounds.^  That  the  nitro  bodies 
are  really  anhydrides  of  acids  is  seen  in  the  weakly  acid  prop- 
erties of  the  nitroparaffines.  There  is,  therefore,  complete 
analogy  among  the  mono-alkyl  acids  of  nitrogen,  phosphorus, 
arsenic  and  antimony. 

No  dialkyl  representatives  among  the  nitrogen  acids  are 
found  ;  the  R,N  group  being  more  positive  than  the  RN  group, 
there  is  less  possibility  of  the  existence  of  an  acid  of  the 
R,NOOH  type  than  of  the  RN(OH),0  type,  but  in  the  dialkyl 
nitro  amines  and  the  dialkyl  nitroso  amines  we  have  the  RjN 
group  united  with  NO,  and  NO  groups,  respectively.  These 
compounds,  in  their  reducibility,  show  some  similarity  to  the 
dialkyl  acids  of  phosphorus,  arsenic  and  antimony,  and  may 
be  considered  the  nearest  approach  of  nitrogen  to  acids  of  the 
second  type. 

I  have  found  that  the  arsenic  acids  of  the  two  types  men- 
tioned above  reduce  smoothly,  by  means  of  zinc  and  hydro- 
chloric acid,  to  secondary  and  primary  arsines  respectively. 
For  instance  : 

(CH3),AsOOH  +  4H      =     (CH3),AsH  +  aH^O  ; 
(CH3)As(OH),0  +  6H  =     (CH3)AsH,  +  3H,0. 

The  reduction  takes  place  with  equal  ease  in  the  aromatic 
series,  monophenyl  arsine,  the  analogue  of  aniline,  being  ob- 
tained from  phenyl  arsonic  acid, 

C6H5As(OH),H  4-  6H     =     C^HjAsH,  +  3H,0. 

A  general  and  easy  method  for  the  preparation  of  primary 
and  secondary  arsines  is  thus  afiForded.  This  reduction  is  per- 
fectly analogous  to  the  reduction  of  aromatic  nitro  bodies  and 
the  nitro  paraffins.^  Though  none  of  the  phosphines  have 
been  prepared  by  the  application  of  this  general  reaction,  it  is 
very  probable  that  alkyl  phosphoric  acid  and  dialkyl  phos- 
phinic  acids  will  reduce  in  the  same  manner  : 

1  Ann.  Chem.  (l,iebig),  320,  277. 

2  Ber.  d.  chem.  Ges.,  34,  3528,  4243  ;  25,  1714. 
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RP(OH)jO  +  6H     =     RPH,  -f  sH.O  ; 
R,P(OH)0  +  4H     =     R,PH  +  2H,0. 

In  the  aliphatic'  series  these  acids  are  mostly  derived  from 
the  phosphines/  but  in  the  aromatic  series  the  acids  themselves 
are  readily  obtainable,  and  their  reduction  ought  to  afford  an 
easier  preparation  of  the  phosphines  than  the  present  methods. 
These  reactions  will  be  studied  in  this  laboratory  in  the  imme- 
diate future. 

None  of  the  corresponding  acids  of  antimony  are  known  in 
the  aliphatic  series,  but  in  the  aromatic  series  representatives 
of  both  acids  have  been  prepared.'  Their  difl&cult  solubility, 
at  least  in  the  case  of  phenyl  stibine  acid,  precludes  their  use  in 
the  preparation  of  primary  and  secondary  stibines,  but  mono- 
and  dialkyl  substituents  of  the  trihalides  may  be  employed,  at 
least  in  the  aromatic  series.  By  their  reduction  I  have  pre- 
pared mono-  and  diphenyl  stibine,  though  as  yet  not  in  a  state 
sufficiently  pure  for  analysis.  Studies  of  these  compounds  are 
now  being  made  and  the  results  will  be  announced  during  the 
year. 

Palmer^  prepared  dimethyl  arsine  by  reducing  dimethyl 
arsine  chloride.  Treatment  of  phenyl  arsine  dichloride  with 
zinc  and  hydrochloric  acid  develops  immediately  the  odor  of 
phenyl  arsine.  Evidently  the  mono  and  dialkyl  substituents  of 
arsenic  trihalides  readily  reduce  to  the  respective  arsines. 
Though  none  of  the  analogous  substituents  of  phosphorus  and 
nitrogen  trihalides  have  been  employed,  it  seems  very  proba- 
ble that  they  would,  in  a  similar  manner,  reduce  to  the  primary 
and  secondary  phosphines  and  amines. 

Evidently  the  primary  and  secondary  amines,  phosphines, 
arsines  and  stibines  are  derivable  from  their  respective  mono 
and  dialkyl  acids  and  halogen  substituents.  In  other  words, 
an  aqueous  or  alcohol  solution  of  any  mono  or  dialkylated  nitro- 
gen, phosphorus,  arsenic,  or  antimony  compound  will  reduce  to 
the  respective  amine,  phosphine,  arsine,  or  stibine  when  in  con- 
tact with  nasceyit  hydrogen  evolved  from  zinc  and  hydrochloric 
acid.     This  point  is  of  great  interest  because  it  shows,  in  a 

'  Ber.  d.  chem.  Ges.,  4,  610  ;  5,  106  ;  6,  304. 

s  Ibid.,  31,  2913  ;  Ann.  Chem.  (I,lebig),  333,  59. 

3  Ber.  d.  chem.  Ges.,  37,  1378. 
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striking  manner,    the   close    analogies   existing   among    the 
nitrogen  elements. 

A  study  of  the  physical  properties  of  the  organic  derivatives 
of  ammonia,  phosphine,  arsine  and  stibine  reveals  closely 
analogous  properties.  The  aliphatic  amines,  phosphines, 
arsines  and  stibines  are  all  mobile,  transparent,  colorless  oils 
of  high  refractive  power.  The  aromatic  bodies  are  either  col- 
orless solids  or  heavy  oils  of  high  refractive  power. 

In  the  table  (p.  107)  I  have  brought  together  the  various 
boiling-points;  it  shows  at  a  glance  the  known  compounds  and 
those  which  have  not  yet  been  prepared  ;  it  also  indicates  the 
influence  on  the  boiling-points  of  the  different  elements  of  the 
nitrogen  series  and  of  the  various  organic  groups,  respectively. 
Undoubtedly  some  of  the  irregularities  observable  are  due  to 
inaccurate  determinations.  An  item  of  interest,  discovered 
by  Hofmann,^  is  the  identity  of  boiling-points  of  the  isomers — 
dimethyl  phosphine  and  ethyl  phosphine.  A  similar  identity 
is  noticed  also  in  the  case  of  dimethyl  arsine  and  ethyl  arsine. 

It  will  be  seen  in  the  table  (p.  108)  that  the  specific  grav- 
ities of  the  fatty  amines  and  phosphines  are  all  less,  while  the 
specific  gravities  of  all  the  others  are  probably  greater  than 
that  of  water. 

The  solubilities  of  these  compounds  have  been  studied  only 
slightly.  Methyl  amine  is  soluble  to  the  extent  of  11 50  vol- 
umes in  water  at  12°. 5,  and  595  volumes  at  25°.  These  vol- 
umes, converted  into  weights,  are  16000  and  13200  parts  of 
amine  soluble  in  loooo  parts  of  water.  Methyl  arsine  and 
ethyl  arsine  are  soluble  about  i  part  in  loooo  at  25°.  So  the 
amines  are  10000-15000  times  more  soluble  in  water  than  the 
arsines.  No  direct  measurements  of  the  solubilities  of  the 
phosphines  in  water  have  been  made,  though  they  are  described 
as  practically  insoluble.'  Aniline  is  soluble  in  31  parts  of 
water  at  12°. 5.  It  will  be  seen  from  the  above  meager  data, 
and  a  comparative  study  of  their  basic  properties,  that  the 
solubilities  of  these  compounds  in  water  increase  with  the  de- 
gree of  their  basicity. 

•  Ber.  d.  chem.  Ges.,  4,  610. 
«  Ibid.,  4,  608. 
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Boiling -Points. 


Amines.      Phosphines.        Arsines.     Stibines. 


BismuUi- 
ines. 


Methyl  : 

a.  Primarj'' 

b.  Secondary 

c.  Tertiary 
Ethyl  : 

a.  Primary 

b.  Secondary 

c.  Tertiary 

Phenyl  : 

a.  Primary 

b.  Secondary 


—6° 
7° 

18"^ 
89^ 


— 14"" 

25°^ 
4o''-42< 


25"" 

85°^* 

127°. 5^ 


2^ 
70^ 


36' 


80°.  6"     no' 


140°"    i58°.5' 


107°"' 
(79  mm.) 


i83°.7' 
302°« 


c.    Tertiary  m.p.  127' 


280°" 
36o-« 


360°"     36o°''«m.p.78' 


1  Ber.  d.  chem.  Ges.,  aa,  701. 

2  Ibid.,  23,  702. 

3  /bid.,  3 a,  703. 

••  Ann.  chim.  phys.  (3),  30,  471  ;  Ber.  d.  chem.  Ges.,  aa,  704. 
5  Roy.  Soc.  Proc,  11,  67  ;  R.  i,  59  ;  Ber.  d.  chem.  Ges.,  aa,  705. 
•  Ann.  Chem.  (Liebig),  aoo,  186  ;  Ber.  d.  chem.  Ges.,  aa.  705. 
f  J.  Chem.  Soc,  37,  221. 

8  Ann.  Chem.  (I,iebig),  338,  363. 

9  Ber.  d.  chem.  Ges.,  6,  1514. 
10 /*jrf.,  4,608. 

11  /bid.,  4,  610. 

12  Ann.  Chem.  (Liebig),  104,  29. 

13  Ber.  d.  chem.  Ges.,  4,  432. 
"  Ibid.,  4,  433. 

15  /bid.,  4,  207. 

16  Ann.  Chem.  (Liebig),  181,  341. 

1'  Ber.  d.  chem.  Ges.,  15,  801  ;  ai,  1508. 

18  /bid.,  15,  803  ;  Ann.  Chem.  (Liebig),  aap,  299. 

19  Ber.  d.  chem.  Ges.,  34,  3597. 
*^  /bid.,  37,  137S. 

21  Jahresber.,  1855,  p.  538. 

'■^  Vide,  p.  143. 

23  Ann.  Chem.  (Liebig),  89.  321. 

*<  Ber.  d.  chem.  Ges.,  34,  3599. 

*&  Ann.  Chem.  (Liebig),  aoi,  237  ;  Ber.  d.  chem.  Ges.,  15,  2876. 

26  Jahresber.,  1861,  p.  569. 

^  Ann.  Chem.  (Liebig),  75,  315  ;  Jahresber.,  i860,  p.  373  ;  Ibid.,  1863,  p.  470. 

*8  Ann.  Chem.  (Liebig),  333,  43. 

*^  Ber.  d.  chem.  Ges.,  ao,  1517. 

**  /bid.,  ao,  1519. 

«i  Ibid.,  ao,  55  ;  Ann.  Chem.  (Liebig),  351,  324. 
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Specific  Gravities 

Amines. 


Bismutta- 
Phosphines.      Arsines.      Stibines.  ines. 


Methyl : 
a.  Primary 


0.699^  less  than'  ? 
(—10°. 8)           I 

b.  Secondary      0.6865^  lessthan^°  1.213 

(-5°. 8)             I  (29°) 


c.  Tertiary 

0.662=* 

?" 

?         1.523"    2.30" 

(-5^2) 

(15°)      (18°) 

Ethyl : 

a.  Primary 

0.708* 

less  than'^ 

I.2I7»«          .     . 

(-2°)  . 

I 

(22°) 

b.  Secondary 

0.7107" 

less  than'^ 

.     .               .     .               .     . 

(15°) 

I 

c.  Tertiary 

0.735' 

0.812" 

i.i5i^«    1.3244"  1.82" 

(15°) 

(15°) 

(i6°.7)   (16°) 

Phenyl  : 

a.  Primary 

1. 0361' 

1. 001^^ 

? 

(0°) 

(15°) 

b.  Secondary 

1-159' 

(16°) 



c.  Tertiary 

? 

1. 194" 

1.306^°    1.4998"  1. 5851" 
(12°)      (20°) 

1  Ber.  d.  chem.  Ges.,  aa,  701. 

*  Ibid.,  aa,  702. 
8  Ibid.,  aa,  703. 

*  Ibid.,  aa,  704. 
6  Ibid.,  aa,  704. 

*  Ibid.,  aa,  705. 
'  Kopp. 

8  Ber.  d.  chem.  Ges.,  la,  563. 

•>  Ibid.,  4,60?,. 
W  Ibid.,  4,  610. 

11  Ann.  Chem.  (I,iebig),  104,  29. 
'2  Ber.  d.  chem.  Ges.,  4,  432. 
13  Ibid.,  4,  433. 

1*  Ann.  Chem.  (I,iebig),  Suppl.,  i 
^i>  Ibid.,  181,  341. 
"  Ber.  d.  chem.  Ges.,  ai,  1508. 
1'  Ibid.,  IS,  802. 

18  yide,  p.  143. 

19  Ann.  Chem.  (Webig),  89,  321. 

20  Ibid.,  aoi,  237. 

»i  Jahresber.,  1861,  p.  569. 

*' Ann.  Chem.  (Liebig),  75,  315. 

« Ibid.,  a33,  43. 

'*  Ber.  d.  chem.  Ges.,  20,  1517. 

^  Ibid.,  ao,  1519. 

'•  Ann.  Chem.  (Liebig),  a$i,  329. 
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All  of  the  amines,  phosphines  and  arsines  are  readily  solu- 
ble in  alcohol  and  ether. 

The  odors  of  these  compounds,  though  varying  greatly,  are 
penetrating  and  very  disagreeable.  The  ethyl  derivatives 
are  more  unpleasant  than  the  methyl  and  phenyl  and  appar- 
ently the  compounds  of  the  heavier  elements  of  the  group  pos- 
sess the  more  disagreeable  odors.  The  fatty  arsines  have  odors 
resembling  cacodyl,  but  they  are  quite  easily  distinguishable. 
Phenyl  arsine,  in  a  concentrated  form,  is  very  disagreeable,  but 
on  dilution,  its  odor,  like  triethyl  phosphine,^  resembles  hyacinth. 

Most  of  these  substances,  particularly  the  phosphines  and  ar- 
sines, are  powerful  poisons.  Their  spontaneous  oxidation  to 
comparatively  innocuous  products  prevents  fatalities  to  the  in. 
vestigator. 

In  chemical  behavior,  however,  the  compounds  show  re- 
markable dissimilarities.  The  aliphatic  alkylated  phosphines 
and  arsines  are  distinguished  from  the  corresponding  ammonia 
derivatives  by  their  ready  oxidizability  ;  they  absorb  oxygen 
by  mere  exposure  to  the  air ;  whereas  the  secondary  phosphines^ 
and  arsines*  are  spontaneously  inflammable,  the  primary  com- 
pounds manifest  this  property  only  on  moderate  warming.*  With 
increase  of  atomic  weight  of  the  nitrogen  elements,  the  tertiary 
derivatives  show  a  gradual  increase  of  inflammability  and  ex- 
plosibility.  The  oxide  of  trialkyl  amines  can  be  formed  only 
indirectly,*  the  tertiary  phosphines  unite  directly  with  the 
oxygen  of  the  air,  the  arsines  and  stibines  fume  and  inflame, 
and  the  bismuth  compounds  inflame  and  explode.®  These  ter- 
tiary aliphatic  derivatives  are  very  sensitive  towards  atmos- 
pheric oxygen,  but  the  tertiary  aromatic  compounds  of  all  the 
nitrogen  elements  are  stable  in  air.  The  primary  and 
secondary  aromatic  compounds  manifest  dissimilarities.  Ani- 
line is  only  slowly  acted  upon  by  air,  though  it  is  very  sen- 
sitive to  other  oxidizing  agents.     The  analogous  phosphorus' 

1  Ann.  Chem.  (Liebig),  104,  10. 

*  Ber.  d.  chem.  Ges.,  4,  431,  610. 
3  Ibid.,  27,  1378. 

*  Ibid.,  6,  302. 

*  J.  russ.  physik.  chim.  Gesell.,  20,  ij6. 

*  Ber.  d.  chem.  Ges.,  20,1517. 

'  Ann.  chem.  (Liebig),  181,  344. 
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and  arsenic  compounds,  however,  are  oxidized  quickly  in  the 
air. 

The  products  of  these  spontaneous  oxidations  are  in  most 
cases  analogous.  The  tertiary  compounds  simply  add  oxygen, 
forming  bodies  of  the  type  R^XO.*  The  secondary  phosphines 
and  arsines  yield  their  respective  dialkyl  acids. '^  In  the  case 
of  the  primary  bodies,  however,  differences  between  the  phos- 
phines and  arsines  are  noticeable  ;  whereas  the  phosphines  evi- 
dently give  rise  to  the  monoalkyl  acids, '  the  primary  arsines 
form,  in  addition,  polymerized  products.  Phenyl  arsine  yields 
arseno-benzene  ;*  methyl  arsine,  a  red,  glistening  product  ;* 
ethyl  arsine  a  light-yellow  substance.  All  of  these  con- 
densed compounds  dissolve  in  nitric  acid,  forming  the  corre- 
sponding monoalkyl  arsonic  acids. 

Though  little  or  no  study  has  been  made  of  the  action  of  ni- 
tric acid  on  the  amines,  other  oxidizing  agents  yield  the  most 
varying  products,  especially  with  aniline.  With  dilute  nitric 
acid  all  of  the  primary  and  secondary  phosphines"  and  arsines 
are  oxidized  smoothly  to  the  corresponding  alkyl  acids  ;  with 
concentrated  nitric  acid,  however,  secondary  reactions  take 
place.  In  the  aliphatic  series  the  alkyl  groups  are  eliminated 
from  arsenic,  and  the  two  constituents  are  oxidized,  the  alkyl  to 
the  corresponding  fatty  acid,  the  arsenic  to  a  mixture  of 
arsenious  and  arsenic  acids.  In  the  aromatic  series,  secondary 
reactions  give  rise  to  nitrobenzene  or  its  homologues,  together 
with  the  arsenic  acids. 

The  most  characteristic  dififerences  among  the  various 
amines,  phosphines  and  arsines  are  seen  in  their  varying  basic 
properties.  Though  none  but  the  fatty  amines  affect  red  lit- 
mus, the  tendency  of  the  others  to  form  salts  shows  a  reten- 
tion of  basic  properties.  The  alkyl  groups  being  positive,  the 
amines  possess  greater  basic  properties  than  ammonia.'     Ost- 

1  Z.  physik.  Chem.,  aa,  35  ;  Ber.  d.  chcm.  Gcs.,  30,  1673. 

2  Ibid.,  15,  801  ;  at,  1508. 

3  Ibid.,  7,  1689  ;  10,  808. 
*  Ibid..  14,  3599. 

6  Ibid.,  34,  3596. 

«  Ibid.,  5,  109  ;  6,  304  ;  15,  802. 

'  J.  prakt.  Chem.,  [2],  33,  352. 
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wald^  gives  the  following  relative  affinities,  determined  by  the 
electrolytic  method  : 

NH3  4.8 

CH3NH,  20.2 

(CH3),NH  23.5 

(CH3)3N  9.7 

(C,H,)NH,  20.5 

(C,H,),NH  28.3 

(C,H,)3N  20.2 

(C.HJ.NOH  128.0 

The  aromatic  groups  being  negative,  the  basic  properties  of 
the  aromatic  amines  decrease  with  the  number  of  groups  in- 
troduced. The  primary  salts  are  stable,  the  secondary  are  de- 
composed by  water  and  the  tertiary  ones  are  apparently  in- 
capable of  existing. 

Whereas  the  primary  phosphines^  and  phosphine  itself  are 
so  weakly  basic  that  their  salts  are  unstable  in  the  presence  of 
water,  the  introduction  of  alkyl  groups  strengthens  them  in 
this  property,  so  that  secondary  phosphines  are  decomposable 
only  by  means  of  alkalies.^  Tertiary  phosphines  react  like 
well  characterized  bases.*  As  most  of  the  salts  of  the  aromatic 
amines  are  unstable  and  the  phosphines  are  less  basic  than 
the  amines,  it  is  easily  understood  why  the  salts  of  all  the  aro- 
matic phosphines  >are  decomposed  by  water.*  From  the  fact 
that  arsine  itself  is  devoid  of  basic  properties  and  that  no  ter- 
tiary arsine  salts  have  been  prepared,  it  would  appear  that  all 
the  arsines  are  devoid  of  basic  properties.  I  have,  however, 
obtained  double  compounds  of  ethyl  arsine  and  sulphuric  acid, 
and  dimethyl  arsine  and  sulphuric  acid,  which  are  evidently 
salts.  They  are  decomposable  by  water,  giving  an  arsine- 
like  odor.     (  Vide,  p.  144.) 

Of  considerable  theoretical  interest  is  the  action  of  the  halo- 
gens on  the  various  amines,  phosphines  and  arsines.  By  their 
action,  alone  or  in  the  presence  of  caustic  alkalies,  the  primary 
and  secondary   aliphatic  amines    yield    alkylamine   halides.^ 

1  J.  prakt.  Chem.,  [2],  35,  121. 
'  Ann.  Chem.  (Liebig),  181,  344. 
3  Ber.  d.  chem.  Ges.,  4,  434. 
*  Ann.  Chem.  (Liebig),  104,  12. 

6  Ber.  d.  chem.  Ges.,  la,  1509  ;  Ann.  Chem.  (I<icbig),  339,  304. 

«  Ber.  d.  chem.  Ges.,  8,  1470  ;  9,  146 ;  16,  558  ;  33,  R.  386  ;  Ann.  Chem.  (I<iebig), 
330,  222. 


112  Dehn. 

These,  like  the  inorganic  nitrogen  halides,  are  very  un- 
stable, for  instance  dialkyl  chloramine,  which  is  more  stable 
than  the  mono-alkyl  compound,  easily  changes  into  dialkyl 
ammonium  chloride.*  Aromatic  amines  are  substituted  in  the 
ring  by  the  action  of  halogens.  Aromatic  amine  chlorides,  in 
which  halogens  have  substituted  the  amine  hydrogen,  are  ap- 
parently incapable  of  existence.  Unlike  the  amines,  the  phos- 
phines  and  arsines,  both  aliphatic  and  aromatic,  are  acted  upon 
by  the  halogens  with  the  greatest  ease.  Hofmann"  found  that 
the  aliphatic  phosphines  unite  with  halogens  with  explosive 
violence,  but  he  did  not  study  their  reaction-products.  The 
aromatic  products  have  been  studied  with  but  little  success. 

1  have  made  some  studies  of  the  action  of  dry  halogens  on 
primary  arsines,  which  indicate  that  the  end-products  are 
alkylarsine  dihalides,  but  there  is  evidence  that  intermediate 
addition  compounds  are  formed.  As  shown  below  (p.  151),  it 
is  probable  that  the  reactions  are  as  follows  : 

RAsH,  +  I,     =     RAsHI.HI     =     RAsHI  +  HI. 
RAsHI+I,     =     RAsI,.HI       =     RAsI,     +  HI. 

The  following  table  exhibits  all  the  possible  intermediate 
and  final  products.  Representatives  of  compounds  marked 
with  the  asterisk  are  known. 

*RNH,  ^^RPH,  *RAsH, 
RNHX.HX           RPHX.HX  RAsHX.HX 

*RNHX='  RPHX  RAsHX 

RNX.HX  RPX.HX  RAsX,.HX 

*RNX/  *RPX/  *RAsX/ 

RNX,  *RPX/  RAsX, 

At  present  the  above  pentavalent  compounds  of  nitrogen  and 
arsenic  are  unknown.  With  the  increase  of  alkyl  groups,  the 
capacity  of  the  nitrogen  groups  for  halogens  increases,  as  will 
be  seen  by  a  study  of  the  following  dialkyl  compounds  : 

>  Ann.  chim.  phys.  [7],  3,  320. 

2  Ber.  d.  chem.  Ges.,  4,  433  ;  6,  302. 
«  Ann.  chim.  phys.  [7],  3,  318-321. 

*  Ber.  d.  chem.  Ges.,  9,  146  ;    13,  771  ;    a8,  1683  ;    33,  3343  ;    3a,  3582  ;    Ann.  Chem. 
(I<iebig),  230,  222  ;  Z.  physik.  Chem.,  16,  214  ;  Ber.  d.  chem.  Ges.,  15,  767. 
^  Ibid.,  13,  2174  ;  33,  1574. 
«  Ibid.,  13,  2174  ;  33,  1574. 
?  Ann.  Chem.  (Liebig),  107,  285  ;  349,  152. 
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*R,NH 

*R,PH 

*R,AsH 

*R,NX.HX' 

RjPX.HX 

R,AsX.HX 

*R,NX' 

R,PX 

H<R,AsX* 

*R,NX' 

R„PX, 

*R,AsX* 

Here  all  of  the  intermediate  products  of  nitrogen  are  known 
and  the  formation  of  the  unknown  phosphorus  derivatives  is 
very  probable. 

The  alkjd  groups  increase  the  basic  properties,  but  introduc- 
tion of  halogen  decreases  them  ;  therefore  CHjNI.HI  would  be 
an  unstable  salt,  and  CHjNIj.HI  even  more  so.  The  corre- 
sponding phosphorus  and  arsenic  salts  would  be  still  less  stable 
because  compounded  of  weaker  bases.  The  aromatic  radicals 
being  negative  there  is  a  greater  tendency  for  their  compounds 
with  the  heavier  nitrogen  elements  to  react  with  halogens.  In 
the  following  table  R  represents  aromatic  groups  and  X  the 
halogens  : 

*RNH,  *RRH,  *RAsH, 

RNHX.HX  RPHX.HX  RAsHX.HX 

RNHX  RPHX  RAsHX 

RNX^.HX  RPX,HX  RAsX.HX 

RNX,  *RPX/  *RAsX/ 

RNX,  *RPX;  *RAsX/ 

There  is  evidence  that  one  of  the  three  unknown  interme- 
diate compounds  of  arsenic  can  be  formed  {vide,  p.  151).  The 
following  table  represents  the  secondary  aromatic  compounds  : 

*R,NH  *R,PH  *R,AsH 
R.NX.HX              R,PX.HX  R.AsX.HX 

R,NX  *R,PX^»  *R,AsX^^ 

R,NX3  *R,PX3^^  *R,AsX" 

1  Ann.  Chem.  (Liebig),  i8,  94  ;  20,  60. 

*  Ibid.y  330,  223. 

s  Ber.  d.  chem.  Ges.,  18,  2249. 

♦Ann.  Chem.  (Liebig),  93,  364;  116,  367. 

^  Ibid.,  107,  267  ;  116,  367. 

« Ibid.,  i8l,  280  ;  212,  205,  236  ;  293,  292  ;  294,  2,  35,  48,  54  ;  Ber.  d.  chem.  Ges.,  9, 
1051  ;   II,  1500  ;  13,  1624  ;  30,  1720  ;  21,  1494. 

''  Ann.  Chem.  (Uebig),  181,  294  ;  294,  2,  35,  48  ;  Ber.  d.  chem.  Ges.,  9,  1519  ;  31, 
2915  ;  20,  1720. 

8  Ber.  d.  chem.  Ges.,  14,  913  ;  15,  2876  ;  Ann.  Chem.  (I,iebig),  201,  191. 

°  Ann.  Chem.  (Liebig),  201,  191. 
1"  Ber.  d.  chem.  Ges.,  10,  627  ;  18,  2109. 
1'  Ibid.,  10,  627. 

>2  Ann.  Chem.  (Uebig),  301,  215,  230;  207,  115  ;  233,  91;  Ber.  d.  chem.  Ges.,  11,  1503. 
1' Ann.  Chem.  (Liebig),  207,  115. 
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The  tertiary  amines  and  phosphines,  both  aliphatic  and  aro- 
matic, show  little  or  no  tendency  to  form  addition  products 
with  halogens.  Only  the  dichloride  of  triphenyl  phosphine  is 
recorded  as  conjectural/  Arsenic  yields  only  unstable 
tertiary  addition  products,^  while  the  corresponding  dihalides 
of  antimony'  and  bismuth,*  are  well  defined  and  stable. 

The  primary  and  secondary  aliphatic  phosphines  react  at  or- 
dinary temperatures  with  the  alkyl  halides,  forming  well-char-  | 
acterized  halogen  salts  of  the  higher  alkyl  phosphines.*  The 
tertiary  phosphines,  both  aliphatic®  and  aromatic,'  give  rise  to 
the  most  varied  phosphonium  bases.  It  has  been  known  for  a 
long  time  that  both  aliphatic*  and  aromatic  tertiary®  arsines 
yield  the  corresponding  arsonium  iodides,  when  treated  with 
alkyl  halides.  Even  tribenzylarsine  yields  tetrabenzylarsonium 
chloride  when  heated  at  175°  with  benzyl  chloride.'"  This 
property  of  adding  alkyl  halides  is  noticeable  in  the  case  of  the 
tertiary  aromatic  stibines,  but  not  in  that  of  aliphatic  stibines. 

I  have  found  that  primary  arsines  unite  with  alkyl  halides  as 
readily  as  do  the  amines  and  phosphines,  and  I  have  obtained, 
as  end-products,  nearly  quantitative  yields  of  the  arsonium 
iodides.  Both  the  aliphatic  and  the  aromatic  arsines  and  hal- 
ides react  in  this  manner.  Therefore  a  general  method  is  af- 
forded for  the  preparation  of  arsonium  compounds  in  which  all 
the  groups  are  alike,  R^AsI,  or  of  those  of  the  general 
form,  R3'R"AsI,  in  which  three  of  the  groups  are  alike 
and  the  fourth  different.  By  the  distillation  of  these  com- 
pounds, various  tertiary  arsines  may  be  prepared,  which,  on 
treatment  with  other  alkyl  halides,  give  rise  to  arsonium 
compounds  of  the  general  form,  R'R"R'"AsI.  The  secondary 
arsines  will  undoubtedly  react  in  the  manner  of  the  primary 

'  Ber.  d.  chem.  Ges.,  15,  802. 

*  Ann.  Chem.  (Liebig),  92,  365  ;  110,  228  ;  aoi,  62,  233,  237. 

'  Ibid.,  97,  329  ;  103,  306  ;  233,  43  ;  242,  176  ;  Jahresber.,  1S60,  p.  374  ;  1S63,  p.  470. 

*  Ann.  chem.  (Liebig),  251,  329  ;  Ber.  d.  chem.  Ges.,  20,  56. 
6  Ber.  d.  chem.  Ges.,  6,  299. 

*  Ann.  Chem.  (Liebig),  104,  16-31  ;  Spl.,  i,  154  ;  53,  710  ;  Jahresber.,  i860,  p.  341  ; 
1861,  p.  487. 

'  Ann.  chem.  (Liebig),  181,  362  ;    207,  210  ;  '229,  310  ;    Ber.  d.  chem.  Ges.,  is,  198, 
803,  2018  ;  27,  277  ;  31,  2920  ;  53,  724  ;  Jahresber.,  18S3,  p.  1307. 
8  Ann.  Chem.  (Liebig),  89,  331  :  Spl.,  i,  311. 
»  Ibid.y  201,  212  ;  207,  196,  205  ;  233,  78. 
>o  Ibid.,  233,  78. 
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arsines,  when  heated  with  alkyl  halides  and  will  give  arsonium 
compounds  of  the  general  form,  RjR'jAsI.  Finally,  by  a  com- 
bination of  the  above  principles,  arsonium  iodides  of  the  gen- 
eral form,  R'R"R"'R""AsI,  may  be  prepared. 

Following  is  a  list  of  the  arsonium  compounds  known 
hitherto  : 

1  (CH3),Asr 

2  (C,HJ,Asr 

3  (CH3),(C,H,),Asr 

4  (CH3),(C3H„),Asr 

5  (C,H,Br)(C,H,)3AsBr^ 

6  C,H5(CH3)3Asr 

7  (C,H,),(CH3),Asr 

8  (C,H,),(C,H,),Asr 

9  QH,(C,H,)3Asr 

10  (C,H,),CH3.C,H,Asr'' 

11  (QH,CH,),Asr 

12  CeH5CHCl(CH3),.C6H5AsI" 

I  have  prepared  the  following  compounds,  which  can  be 
added  to  ad  libitum  : 

13  (CH3)3C,H,AsI 

14  CH3(C,H,)3AsI 
■15     C,H,(C,H„)3AsI 

16  C,H,(C,H„)3AsI 

17  C,H,(C3H,)3AsI 

As  is  well  known,  the  Hofmann  reaction  gives  mixtures  of 
the  amines.  The  explanation  of  this  is  that  the  free  base,  either 
ammonia  or  the  amine,  partially  decomposes  the  salts  formed, 
thus  giving  opportunity  for  the  alkyl  halide  to  add  again. 
That  the  arsines,  with  alkyl  halides,  give  at  once  quarternary 
compounds,  can  be  explained  by  the  instability  of  the  primary, 

I  Ann.  Chem.  {r,iebig),  92,  361  ;  122,  192  ;  116,  364  ;  Z.  physik.  Chem.,  13,  301. 

*  Ann.  chem.  (I,iebig),  89,  331  ;  92,  364. 
3  Ibid.,  92,  362  ;  |i22,  209. 

*  Ibid.,  92,  364. 

6  Ibid.,  Spl.,  I,  311. 

*  Ibid.,  207,  205. 
'  Ibid.,  207,  199. 
^  Ibid.,  aoi,  235. 
»  Ibid.,  201,  212. 

10  Ibtd.,  207,  196. 
"  Ibid.,  233.  78. 
•'  Ber.  d.  chem.  Ges.,  25,  1521. 
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secondary  and  tertiary  salts.  If  these  are  formed  they  decom- 
pose immediately  into  free  arsines  and  with  more  alkyl  halide 
build  up  rapidly  into  arsonium  compounds. 

By  heating,  I  invariably  obtain  arsonium  iodides.  In  the 
cold,  however,  other  possibilities  arise. 

I  have  evidence  that  some  of  the  following,  hitherto  unknown, 
compounds  are  formed : 

*RAsH,  R,AsH.HI 

=i^R,AsH  R3AS.HI 

^RjAs  *R,AsI 

When  methyl  and  ethyl  arsines  are  treated,  at  the  ordinary 
temperature,  with  ethyl  or  methyl  iodide,  needle-like  or  flaky , 
iridescent,  white  or  slightly  yellow  crystals,  unlike  the  corre- 
sponding arsonium  iodides,  separate  out.  They  are  decom- 
posed by  moisture  and  give  off  a  cacodyl  odor,  but  are 
stable  in  dry  air.  No  analysis  of  these  compounds  has  yet 
been  made.  On  theoretical  grounds,  they  are  more  likely  to  be 
of  the  type  RjAsH.HI  than  RgAs.HI,  one  of  which  they  un- 
doubtedly must  be.  From  the  above  review  it  is  seen  that  the 
amines,  phosphines  and  arsines  show  closer  analogies  in  their 
reactions  with  alkyl  halides  than  with  any  other  reagent. 

When  the  primary^  and  secondary'  aliphatic  amines  are 
heated  with  carbon  bisulphide  in  alcoholic  solution,  alkyl  and 
dialkyl  dithiocarbamic  acids  are  formed.     For  instance  : 

/NHC.H^ 
CS,  +  2C,H,NH,     =     CS< 

\SNH3C,H, 

and 

/N(C,H,), 
CS, -f  2(C,H,),NH     =     CS<; 

The  tertiary  aliphatic  amines  form,  with  carbon  bisulphide, 
simple  addition-products,  which  are  decomposable  at  ordinary 
temperatures.^  Tertiary  phosphines  form  analogous  stable  sub- 
stances.* 

>  Ber.  d.  chem.  Ges.,  i,  25  ;  19,  713  ;  34,  3041  ;  Gazz.  chim.  ital.,  34  [II],  281  ;  33 
[II],  503  ;  This  Journal,  22,  24. 

*  Ber.  d.  chem.  Ges.,  14,  2756. 
8  Ibid.,  33,  13. 

*  Ann.  Chem.  (Liebig),  Spl.,  i,  26,  59  ;  Ber.  d.  chem.  Ges.,  15,  2017. 
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Aniline,  with  carbon  bisulphide  in  alcoholic  solution,  forms 
phenylthiourea/ 

/NHCgH^ 
CS,  +  2C6H5NH,     =     CS< 

\NHCeH, 

No  study  has  been  made  of  the  action  of  carbon  bisulphide 
on  secondary  and  tertiary  aromatic  amines,  phosphines,  or  ar- 
sines.  One  primary  aromatic  phosphine,  phenyl  phosphine, 
when  heated  with  carbon  bisulphide  to  150°,  yielded  the  fol- 
lowing : 

S  =  C— PHCH,' 

I 
2CS,  +  2C,H,PH,     =  S 

i 
S  =  C— PHCeH^ 

I  have  treated  ethyl  arsine  with  carbon  bisulphide  and  have 
obtained  triethyl  arsine  sulphide  as  the  chief  product.  With 
phenyl  arsine  I  have  obtained  light  colored  crystals,  which 
have  not  been  identified.  From  a  consideration  of  the  above 
facts  it  is  evident  that  the  action  of  carbon  bisulphide  on  the 
amines,  phosphines  and  arsines  gives  rise  to  quite  varied 
products. 

EXPERIMENTAL. 

Cacodyl  chloride,  in  alcoholic  solution,  was  found  to  be  re- 
duced very  readily  by  means  of  zinc  and  hydrochloric  acid.' 
It  was  therefore  supposed  that  monomethyl  arsine  chloride 
would  react  under  the  same  conditions,  according  to  the  equa- 
tion : 

(CH3)AsCl,  +  2H,     =     CHjAsH,  +  2HCI. 

The  earlier  experiments,  though  giving  positive  evidence  of 
the  formation  of  primary  arsine,  did  not  yield  the  substance  in 
the  liquid  form.*  I  have  since  learned  that  this  was  largely 
owing  to  the  quality  of  the  zinc  employed.     In  my  most  suc- 

1  Ber.  d.  chem.  Ges.,  6,  967. 
s  Ibid.,  12,  33S. 
3  Ibid.,  37,  1378. 
'^Ibid.,  34,  3594. 
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cessful  experiments  I  have  used  zinc  dust  amalgamated  by 
treatment  with  solution  of  mercuric  chloride.  In  the  case 
of  methyl  and  ethyl  arsines,  the  hydrogen  evolvedjat  first  is  rich 
in  the  arsine.  When  unamalgamated  zinc  dust  is  employed  the 
hydrogen  evolved  may  preponderate  greatly  and  the  evolved 
arsine  may  be  less  than  the  quantity  necessary  to  produce 
its  vapor  tension  at  the  temperature  of  the  freezing-mixture. 
In  one  experiment  150  grams  of  MgC^H^AsOg  were  treated 
with  unamalgamated  zinc,  but  not  a  drop  of  ethyl  arsine  was 
condensed  at  — 10°. 

In  each  of  the  following  experiments  which  were  made  to 
determine  the  ratio  of  hydrogen  and  arsine  evolved,  10  grams 
of  zinc  dust,  5  grams  of  MgC^HgAsOg,  10  cc.  of  alcohol,  and 
10  cc.  of  concentrated  hydrochloric  acid  were  employed  ;  the 
evolved  gases  were  passed  into  bent  eudiometers  and  the  vol- 
umes read.  The  arsine  was  then  determined  by  treatment 
with  a  silver  nitrate  solution,  the  loss  in  volume  representing 
the  arsine  itself  : 

/.  Ethyl  Arsine  Prepared  by  the  Use  of  Unamalgamated  Zinc 

Dust. 

Fractions.     Gas  evolved.       Residual  gas.       DiflFerence.    Per  cent  of  arsine. 


I 
2 

3 
4 
5 
6 

7 
8 

9 
10 


41 

48 

45 
48 

50 
47 
44 

48 


46.6 


40.8 
45-4 
39-6 
40.6 
40.7 
38.2 
33-2 
39-0 

38-7 


7-9 


0.73 
7.69 
12.42 
16.46 
18.60 
20.25 
25.72 
19.91 

16.95 


//.  Ethyl  Arsine  Prepared  by  the   Use  of  Amalgamated  Zinc 

Dust. 


I 

47.2 

46.5 

0.7 

1.48 

2 

48.0 

44-7 

3-3 

6.90 

3 

49.2 

35-3 

13-9 

28.16 

4 

46.7 

23.6 

23.1 

49.46 

5 

48.9 

21.5 

27.4 

56.03 
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III,  Ethyl  Arsine  Prepared  by  the  Use  of  Amalgamated  Zinc 

Dust. 


Fractions.     Gas  evolved. 

Residual  gas.        Diflference. 

Per  cent  of  arsine. 

I                   49.8 

48.3 

I, 

•5 

3.01 

2              49-5 

36.6 

12, 

•9 

26.06 

3              5I-0 

33-0 

16, 

,0 

31-37 

4              48.0 

25.8 

22. 

,2 

46.25 

5              44-9 

23.1 

21 

.8 

48.55 

6              43.2 

23.6 

19 

.6 

45-37 

7              19-3 

II-5 

7 

.8 

40.41 

le  following  percentages  of  methyl 

arsine  were  obtained 

IS  of  amalgamated 

zinc  dust  : 

I. 

II. 

I 

21.5 

8.0 

2 

36.5 

19.5 

3 

20.7 

29.0 

4 

20.1 

24.5 

5 

18.3 

20.0 

6 

14-5 

14.0 

7 

.    . 

10.4 

That  the  percentage  of  arsine  produced  does  not  immediately 
Teach  its  maximum,  is  owing  to  the  fact  that,  at  first,  the  ap- 
paratus is  filled  with  hydrogen,  which  must  be  displaced  by 
the  arsine.  From  a  study  of  the  data  of  ethyl  arsine  it  is  evi- 
dent that  the  concentration  of  arsine,  evolved  from  amalgama- 
ted zinc  dust,  is  almost  twice  that  evolved  from  ordinary  zinc 
dust. 

Three  years  ago,  when  the  problem  of  primary  arsines  was 
suggested  to  me  by  A.  W.  Palmer,  the  electrolytic  reduction  of 
alkylated  arsenic  derivatives  seemed  to  present  a  favorable 
means  for  obtaining  these  elusive  compounds.  The  electro- 
lytic reduction  of  cacodyl  chloride  was  first  attempted.  The 
results  of  quite  elaborate  experiments,  not  yet  published  and 
not  included  in  this  paper,  showed  the  interesting  fact  that  the 
reduction  to  the  arsine  proceeded  by  two  steps.  First  caco- 
dyl chloride  was  reduced  to  nascent  cacodyl  groups,  which 
either  combined  to  form  cacodyl  itself,  or  yielded  arsine  by 
union  with  the  nascent  hydrogen.  These  reactions  are  shown 
in  the  following  equations  : 
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2(CH,),AsCl  +  2H     =     (CHJ.As— As(CH3),  +  2HCI. 
2(CH,),AsCl  +  4H      =     2(CH,),AsH  +  2HCI. 

Twice  as  much  hydrogen  is  required  in  the  second  reaction 
as  in  the  first.  The  cacodyl  was  separated  and  identified  in 
the  early  stages  of  the  reduction. 

There  is  considerable  evidence  that  by  the  reduction  of  mono- 
alkylated  arsenic  compounds  to  primary  arsines  an  analogous 
intermediate  product  is  formed:  (i)  when  the  alcohol  is  omitted 
in  the  reduction  of  methyl  arsonic  acid  to  methyl  arsine,  an  oily 
substance  is  produced  and  rapidly  changes  to  the  bright  red  solid 
previously  mentioned.  If  alcohol  is  used,  there  is  no  evidence 
of  the  formation  of  any  compound  other  than  the  arsine. 
Hence,  the  reason  for  the  use  of  alcohol  in  the  preparation  of 
aliphatic  primary  arsines  is  evident.  (2)  During  one  experi- 
ment the  reduction  of  methyl  arsonic  acid  was  interrupted  at 
an  early  stage  by  pouring  out  the  contents  of  the  flask.  The 
last  portion  adhering  to  the  zinc,  gave  rise,  spontaneously,  to 
a  flame  2-3  feet  in  height.  The  combustion-products  had  the 
characteristic  odor  of  the  arsenic  compounds  and  deposited 
much  metallic  arsenic  on  the  surrounding  vessels.  The  oily 
substance  adhering  to  the  zinc  could  not  be  methyl  arsine  be- 
cause that  boils  at  2°,  nor  could  it  be  any  of  the  other  known 
monoalkyl  arsenic  compounds.  It  may  be  one  of  the  following 
compounds,  as  yet  unknown,  analogous  to  cacodyl : 

(CH3)As  =-  AsCCH^)  ;  (CH3)HAs  =  AsH(CH,). 

Monomethyl  Arsine. 

This  arsine  is  most  conveniently  prepared  in  the  following 
manner  :  Excess  of  moist  zinc  dust,  amalgamated  by  means  of 
mercuric  chloride,  is  placed  in  a  flask  of  considerable  capacity. 
The  flask  is  connected  with  a  wash-bottle,  containing  water, 
to  remove  vapors  of  hydrochloric  acid  and  alcohol.  A  long 
drying  tube  filled  with  soda-lime  is  interposed  between  the  wash- 
bottle  and  a  condenser  of  special  form.' 

Methyl  arsine  was  always  liquefied  by  means  of  solid  carbon 
dioxide,  though  perhaps  a  good  freezing-mixture  of  pulverized 
ice  and  a  salt  may  answer  the  purpose.     The  exit  tube  of  the 

'  Ber.  d.  chem.  Ges.,  34,  3597. 
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condenser  should  be  connected  with  two  wash-bottles,  the  first 
containing  concentrated  sulphuric  acid  and  the  second  concen- 
trated nitric  acid.  The  former  excludes  moisture  and  the  lat- 
ter serves  the  purpose  of  destroying  uncondensed  arsine.  As 
methyl  arsine,  like  dimethyl  arsine,  rapidly  destroys  rubber,  as 
many  of  the  connections  as  possible  should  be  made  by  seal- 
ing the  glass  together.  The  reaction  flask,  which  may  carry 
a  rubber  stopper,  is  supplied  with  a  dropping  funnel.  A  little 
dilute  hydrochloric  acid  is  slowly  added  until  the  air  in  the 
apparatus  is  displaced  by  the  evolved  hydrogen.  A  quantity 
of  alcohol,  approximately  equal  to  the  volume  of  hydrochloric 
acid  that  will  be  used  for  the  reduction,  is  then  run  in.  The 
sodium  salt  of  monomethyl  arsonic  acid,  best  prepared  by 
the  improved  method  of  Klinger  and  Kreutz,^  is  used  for  the 
reduction.  It  is  dissolved  in  the  smallest  possible  volume  of 
concentrated  hydrochloric  acid,  and  the  solution  poured  from  any 
precipitated  sodium  chloride  into  the  dropping  funnel.  This 
acid  solution  is  run  into  the  evolution  flask,  which  is  shaken. 
Evolution  of  hydrogen  and  arsine  begins  at  once  ;  to  continue 
the  reduction,  the  dropping  funnel  is  charged  with  concentra- 
ted hydrochloric  acid,  tightly  stoppered  and  the  stop-cock 
regulated  so  that  5-10  drops  of  acid  are  admitted  per  minute. 
The  evolved  gases,  ascending  the  stem  of  the  dropping  funnel, 
will  force  down  the  acid  from  its  bulb. 

The  arsine,  being  cooled  in  the  bulbs  of  the  condenser,  col- 
lects in  the  lower  one,  from  which  it  may  be  admitted  into 
that  between  the  two  lower  stop-cocks  ;  by  closing  the 
upper  of  these  stop-cocks  and  then  opening  the  lower  one, 
the  arsine  will  be  forced  by  its  own  vapor-tension  through  the 
capillary  adapter,  into  any  convenient  form  of  receiver,  held  in 
a  freezing-mixture.  The  capillary  of  the  adapter  should  be 
long  enough  and  of  a  diameter  sufficiently  small  to  go  to  the 
bottom  of  the  receiver.  I  have  used  as  receivers  bulbs  with 
wide  capillaries,  or  test-tubes  constricted  near  the  top.  Before 
drawing  oS"  the  arsine  the  adapters  and  the  receivers  should  be 
filled  with  carbon  dioxide  or  hydrogen.     While  held  in  the 

1  Ann.  Chem.  (I,iebig),  249,  147. 
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freezing-mixture  the  stems  of  the  receivers  should  be  sealed  in 
the  flame. 

The  yield  of  evolved  arsine  is  quantitative,  though  the 
amount  condensed  varies  with  the  efiiciency  of  the  freezing- 
mixture.  Instead  of  using  one  large  evolution  flask  it  is  better 
to  use  two  or  three  smaller  ones. 

The  combustion  of  the  liquid  was  made  in  a  tube  charged 
with  a  sintered  mixture  of  lead  chromate  and  copper  oxide. 
The  combustion  for  arsenic  was  made  in  a  tube  containing 
granular  zinc  oxide. 

The  capillaries  of  the  bulbs  were  broken  at  the  proper  mo- 
ment by  a  stout,  brass  rod  entering  the  combustion  tube  and 
reaching  to  the  point  where  the  bulbs  were  placed. 

I.  0.1085  gram  liquid  gave  0.0514  gram  CO,  and  0.0601 
gram  H^O. 

II.  0.1072  gram  liquid  gave  0.0522  gram  COj  and  0.0501 
gram  H^O. 

III.  0.0823  gram  liquid  gave  0.0397  gram  COj  and  0.0354 
gram  H,0. 

I.  0.1 154  gram  liquid  gave  0.1943  gram  Mg^ASjO,. 

II.  0.1723  gram  liquid  gave  0.2918  gram  MgjAsjO,. 

By  the  Hofmann  method  : 
I.  0.0862  gram  liquid  gave  20.75  cc.  of  gas. 

II.  0.0753  gram  liquid  gave  18.37  cc.  of  gas. 

III.  Theory. 

13-15  13-09 

4-6i  5-43 

.    .  81.53 

.    .  92.00 

Monomethyl  arsine  is  a  colorless,  transparent,  mobile  liquid, 
of  high  refractive  power.  It  is  soluble  in  alcohol,  ether,  and 
carbon  bisulphide  in  all  proportions.  It  has  a  peculiar,  very 
disagreeable  and  penetrating  odor,  somewhat  resembling 
that  of  cacodyl.  If  breathed  even  in  small  quantities  it  pro- 
duces, at  once,  the  symptoms  of  arsenical  poisoning.  A  rat 
placed  in  a  bottle  and  caused  to  breathe  the  vapors  from  one 
drop  of  the  arsine  died  almost  immediately. 

The  boiling-point  was  determined  in  the  special  apparatus 


I. 

II. 

Carbon 

12.92 

13.28 

Hydrogen 

6.15 

5-19 

Arsenic 

81.46 

81.94 

Mol.  w't 

93-76 

91.72 
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shown,  the  tubes  of  which  were  graduated  in  millimeters. 
The  bulb  containing  arsine,  with  its  moder- 
ately long  capillary  projecting  upward,  is 
placed  in  the  lower  large  tube.  With  the 
stopper  C  and  the  stop-cocks  A  and  B  closed, 
pure  mercury  is  introduced  through  the  fun- 
nel D.  A  is  opened  occasionally  to  allow  the 
mercury  to  ascend  the  large  lower  tube  E.  As 
this  becomes  filled,  the  capillary  of  the  bulb 
passes  through  the  hole  of  the  open  stop- 
cock A.  More  mercury  is  added  until  all  air 
is  excluded  to  a  point  5  to  10  cm.  above  the 
stop-cock  A.  The  apparatus  is  then  placed  in 
a  tall  cylinder  containing  a  freezing-mixture 
and  permitted  to  cool.  When  the  temperature 
of  the  system  is  constant  the  stop-cock  A  is 
turned  vigorously,  so  as  to  break  the  capillary. 
The  liquid  in  the  bulb  begins  at  once  to  distil 
through  the  stump  of  the  capillary  and  to  de- 
press the  mercury.  When  the  mercury  has 
become  stationary  the  temperature  and  the  dif- 
ference in  height  of  the  mercury  columns  are 
read.  These  data,  with  the  barometric  pres- 
sure, are  sufficient  to  determine  the  boiling- 
point.  In  determining  the  boiling-point  for 
pressures  greater  or  less  than  that  of  the  at- 
mosphere, the  mercury  in  the  tube  open  to 
the  air  is  respectively  higher  and  lower  than 
the  level  in  the  large  tube  E.  Monomethyl 
arsine  boils  at  2°,  under  755  mm,  and  at  17°, 
under  1.5  atmospheres  pressure. 

Solubility  in  Water. — Primary  arsine  reacts 
with  a  solution  of  free  iodine,  according  to  the  following  equa- 
tion.    (For  evidence  see  ethyl  arsine  below.) 

CH3ASH,  +  61 -f  3H,0     =     CH3AsO(OH),4-6HL 
By  passing  the  arsine  evolved  from  the  zinc  and  acid  through 
pure  water,  treating  a  measured  volume  of  this  solution  with 
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excess  of  standard  solution  of  iodine  in  potassium  iodide, 
and  finally  titrating  the  excess  of  iodine  by  means  of  a  thiosul- 
phate  solution,  all  of  the  data  necessary  for  the  calculation  of 
the  solubility  in  water  are  easily  obtained.  Methyl  arsine  is 
soluble  only  to  the  extent  of  85  parts  in  1,000,000. 

Reactions  with  OxygeJi. 

When  gaseous  methyl  arsine  is  treated,  over  mercury,  with 
a  measured  quantity  of  pure  dry  oxygen  immediate  condensa- 
tion takes  place  with  the  separation  of  a  white  solid.  Read- 
ings made  immediately  gave  a  decrease  in  volume  approxi- 
mately equal  to  twice  the  volume  of  arsine  used.  The  follow- 
ing equation  expresses  the  condensation  of  one  volume  of  the 
arsine  with  one  volume  of  oxygen  to  form  the  solid  methyl 
arsine  oxide  (m.  p.  95°)  : 

CHjAsH,  -H  O,     =     CH3ASO  -f  H,0. 

At  the  end  of  two  weeks  the  decrease  in  volume  was  equal  to 
2.414  times  the  volume  of  the  arsine  used,  or  1.414  volumes  of 
oxygen  had  condensed  with  the  one  volume  of  arsine.  The 
equation 

2CH3ASH,  +  3O,     =     2CH3AsO(OH), 

expresses  this  phenomena.  Here  2  volumes  of  the  arsine 
condense  with  3  volumes  of  oxygen,  or  i  :  1.5,  which  is 
approximately  equal  to  the  experimental  ratio. 

Evidence  that  the  latter  reaction  was  according  to  the  sec- 
ond equation  is  as  follows  :  The  final  product  reacted  strongly 
acid  and  agreed  with  the  other  known  properties  of  methyl 
arsonic  acid.  Furthermore,  in  another  experiment,  by  ex- 
tracting the  water  formed  by  the  first  reaction  with  solid  cal- 
cium chloride,  the  oxidation  did  not  proceed  to  the  final 
stage,  though  the  tube  was  permitted  to  stand  for  a  number  of 
days. 

In  one  experiment,  upon  adding  the  oxygen  to  the  arsine, 
there  resulted  a  mild  explosion,  attended  by  light  and  the 
separation  of  all  the  arsenic  in  the  metallic  form.  Analogy  for 
this  is  seen  in  the  heating  of  arsine  in  an  insuflSciency  of  oxy- 
gen.    Here  the  reaction  is  largely  as  follows  : 
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4ASH3  +  3O,     =     4AS  +  6H,0.^ 

Probably  the  above  reaction  of  methyl  arsine  was  analogous  : 

2CH3ASH,  +  O,     =     2As  +  C,Hg  +  2H,0. 

Oxidation  by  Nitric  Acid. 

Colored  oxides  of  nitrogen  and  white  fumes  were  given  off 
and  soon  small  crystals  separated  when  methyl  arsine,  evolved 
from  the  generator,  was  passed  through  bulbs  containing 
concentrated  nitric  acid.  When  the  nitric  acid  was  completely 
decolorized  the  contents  of  the  bulbs  were  removed.  The  white 
crystals  were  filtered  off  and  identified  as  inorganic  arsenic  acid. 
The  filtrate  was  evaporated  to  dryness,  taken  up  with  a  little 
water  and  permitted  to  stand  for  a  number  of  days,  when 
beautiful  transparent  tablets  separated.  Through  its 
acid  properties,  its  reduction  to  products  possessing  the  odor 
of  methyl  arsine  and  the  formation  of  methyl  arsine  di- 
sulphide  by  reaction  with  hydrogen  sulphide,  it  was  identified 
as  methyl  arsonic  acid.^  A  part  of  the  above  nitric  acid  oxida- 
tion-product was  first  treated  with  sulphuric  acid  and  then 
with  alcohol.  Upon  fractionating,  ethyl  formate  was  found 
in  the  distillate.  Evidently  the  reactions  of  nitric  acid  on 
methyl  arsine  were  as  follows  : 

CH3ASH,  +  6HNO3  =  CH,AsO(OH),  +  3H,0  +  6N0,  ; 
2CH3ASH,  +  24HNO3     = 

2CHOOH  +  AsA  +  24NO,  +  i5H,0. 

Oxidation  by  Silver  Nitrate. 

When  methyl  arsine  is  passed  into  a  neutral  or  an  alkaline 
solution  of  silver  nitrate,  immediate  precipitation  of  finely 
divided  metallic  silver  takes  place. 

According  to  I^assaigne*  arsine  itself,  under  these  conditions, 
reacts  as  follows  : 

2ASH3  +  T2AgN03  +  3H,0   =   AsA  +  12HNO3  +  i2Ag. 

This  was  disputed,  however,  by  Marchlewski.*     I  have  been 

1  J.  prakt.  Chem.,  6,  347. 

2  Ann.  Chem.  (Liebig),  107,  289  ;  249,  149. 
8  Jour.  chim.  Med.,  16,  685. 

■*  Ber.  d.  chem.  Ges.,  24,  2269. 
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able  to  prove  the  presence  of  methyl  arsonic  acid  in  the  reac- 
tion-products, so,  perhaps,  the  action  is  : 

CHjAsH,  +  eAgNOj  +  3H,0     = 

CH,AsO(OH),  +  6Ag  +  6HNO3. 

Reactions  with  Halogens. 

Decolorization  takes  place  if  the  gas  from  the  generator  is 
passed  through  a  solution  of  iodine  in  absolute  alcohol  ;  if  the 
solution  is  treated  with  only  a  sufficient  amount  of  the  arsine 
to  decolorize  and  is  then  evaporated  to  dryness,  amber  needles 
separate.  They  agreed  in  properties  with  those  of  methyl 
arsine  diiodide  ;^  therefore  the  reaction  was  as  follows  : 

(CH3)AsH,  +  2I,     =     (CH3)AsI,  +  2HI. 

Passing  excess  of  the  arsine  into  the  iodine  solution  re- 
sulted in  the  precipitation  of  a  brown,  amorphous  mass,  which 
was  not  identified. 

When  the  gas  was  passed  through  a  solution  of  bromine  in 
carbon  bisulphide,  decolorization  took  place  ;  during  the  pas- 
sage of  arsine  heavy  white  fumes  were  given  off,  and  towards 
the  end  of  the  experiment  the  fumes  of  hydrobromic  acid  were 
noticed.  The  carbon  bisulphide  was  distilled  off  and  left  a 
heavy  oil  boiling  at  220°  which  was  identified  as  arsenic  tribro- 
mide, 

CHjAsH,  +  6Br     =     AsBr3  +  2HBr  +  CHjBr. 

A  bulb  containing  0.0541  gram  of  methyl  arsine  was  broken 
in  a  stoppered  bottle  with  excess  of  standard  solution  of 
iodine.  After  shaking  thoroughly,  the  residual  iodine  was 
determined  by  titrating  with  sodium  thiosulphate  ;  it  was  found 
that  394.88  cc.  of  iodine  solution  were  required  by  the  methyl 
arsine.  Therefore  the  reaction  proceeded  quantitatively  ac- 
cording to  the  equation  : 

CHjAsH,  +  61  +  3H,0     -=     CHjAsOCOH),  +  6HI, 

which  requires  393.07  cc.  of  the  iodine  solution. 

Methyl  Arsine  and  Hydrochloric  Acid. 

When  1 1.8  cc.  of  pure  methyl  arsine  vapor  were  treated,  over 

>  Ann.  Chem.  (Liebig),  107,  285;  249,  15a. 
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mercury,  in  a  graduated  tube,  with  40.22  cc  of  pure,  dry  hy- 
drochloric acid  gas,  the  resulting  volume  remained  nearly 
equal  to  their  sum.  At  the  end  of  two  weeks  a  contraction  in 
volume  of  2  cc.  was  observed  ;  the  mixture  of  gases  remaining 
was  treated  with  solid  potash,  when  the  volume  of  gas  de- 
creased to  10.6,  a  little  less  than  the  original  volume  of  the 
arsine.  Upon  applying  a  match  to  this  residual  gas,  it  in- 
flamed and  deposited  metallic  arsenic,  indicating  that  it  was 
unchanged  arsine.  This  experiment  shows  that  if  the  hydro- 
chloric acid  salt  of  methyl  arsine  w^as  formed  at  the  ordinary 
temperature  and  pressure,  it  was  produced  only  in  small  pro- 
portion. 

Methyl  Arsme  and  Hydrogen  Stilphide. 

When  17.4  cc.  of  pure  methyl  arsine  vapor  were  treated  as 
above  with  53.67  cc.  of  pure  dry  hj'drogen  sulphide  gas  (total 
71.07  cc),  the  volume,  after  four  days,  was  71.61  cc.  After 
remaining  for  eight  weeks  in  contact  with  solid  potash,  the 
residual  gas  measured  18.75  cc. ,  or  1.34  cc.  more  than  the 
original  volume  of  the  arsine.     If  the  reaction  were  as  follows : 

CH3ASH,  +  H,S     =     CH3ASS  H-  2H.,, 

it  was  only  partial. 

Methyl  Arsine  and  Phosphorus. 

A  piece  of  yellow  phosphorus  was  permitted  to  stand  in  con- 
tact with  a  known  volume  of  pure  methyl  arsine  vapor.  No 
change  was  observed  in  the  volume  even  after  a  number  of 
days  at  ordinary  temperature,  and  after  having  been  heated  at 
100°. 

Methyl  Arsine  a7td  Mercuric  Chloride. 

Methyl  arsine,  passed  into  aqueous  solution  of  mercuric 
chloride,  separated  a  white,  finely  divided  precipitate.  Upon 
filtering,  washing  and  treating  it  with  ammonia,  a  blackening 
showed  the  presence  of  mercurous  chloride.  Therefore  the  re- 
action was  probably  as  follows  : 

CH,AsH,  -f  7HgCl,  +  3H,0     = 

6HgCl  -}-  CHjAsOjHg  +  8HCL 
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Methyl  Arsine  and  A  Iky  I  Iodides. 

a.  8.69  cc.  of  methyl  arsine  were  treated  with  33.26  cc. 
of  methyl  iodide  vapor  (total  40.97  cc).  After  eight  hours  the 
volume  was  40.25  cc,  and  after  eight  weeks  18.83 cc  A  yel- 
low, crystalline  solid  began  to  form  immediately  on  the  walls  of 
the  tube  and  continued  to  increase  during  a  number  of  days. 

b.  7.24  cc.  of  methyl  arsine  were  treated  with  37.3  cc.  of 
methyl  iodide  vapor  (total  44.54  cc. ).  After  two  weeks  the 
volume  was  found  to  be  18.09  cc,  or  the  mixture  of  vapors 
had  suffered  a  contraction  in  volume  of  three  to  four  times  the 
volume  of  the  arsine  used.  The  residual  gas  was  treated  with 
solid  potassium  hydroxide,  which  gave,  on  withdrawal,  good 
tests  for  iodine.  The  yellow  solid  formed  was  found  to  melt 
with  decomposition  at  1 00°- 102°. 

c.  A  bulb  of  methyl  arsine  and  excess  of  methyl  iodide 
were  sealed  in  a  large  tube.  The  arsine  bulb  was  broken  by 
agitating  the  contents  of  the  tube.  The  methyl  iodide,  at  first 
slightly  colored  by  iodine,  was  decolorized  immediately.  After 
a  few  hours  yellow  crystals  began  to  separate  ;  when  the 
tube  was  opened  no  pressure  was  observed.  Upon  distill- 
ing off  the  excess  of  methyl  iodide,  a  heavy  yellow  oil  and  a 
number  of  crystals  were  found,  both  of  which  dissolved  in 
water  with  evident  decomposition.  These  crystals  can  be 
formed  by  passing  methyl  arsine,  from  a  generator,  through 
Geissler  bulbs  containing  methyl  iodide. 

As  was  stated  above,  when  primary  arsines  are  heated  with 
halides  of  hydrocarbons,  particularly  with  alkyl  iodides,  arso- 
nium  compounds  are  formed.  The  best  method  for  their 
preparation  is  as  follows  : 

The  arsine  is  sealed  in  bulbs,  or  better,  in  convenient-sized 
test-tubes.  Excess  of  the  alkyl  halide  is  also  sealed  in 
bulbs  or  test-tubes.  The  arsine  and  the  alkyl  halide,  together 
with  a  heavy  glass  rod,  are  placed  in  a  convenient-sized  sealing 
tube.  After  the  end  of  the  sealing  tube  has  been  constricted 
in  the  flame  the  air  in  the  tube  is  replaced  by  carbon  dioxide 
and  the  tube  is  immediately  sealed.  When  cold,  the  contents 
of  the  tube  are  agitated  until  the  bulbs  or  test-tubes  are  broken. 
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'The  reaction  is  complete,  after  heating  from  six  to  eight  hours 
at  ioo°-i50°.  The  contents  of  the  tube  are  always  colored 
Ted  by  a  little  arsonium  periodide  and  only  a  little  pressure 
is  developed. 

Tetramethyl  Arsonium  Iodide. 

Methyl  arsine  was  heated  with  excess  of  methyl  iodide 
in  a  sealed  tube  for  eight  hours  at  110°.  The  colored  liquid 
was  washed  with  benzene.  The  lower  layer  was  removed,  de- 
colorized by  means  of  potassium  hydroxide  and  extracted  with 
chloroform.  The  solution  was  dried  by  calcium  chloride  and 
concentrated  on  the  water-bath.  The  crystals  separating  were 
washed  with  a  little  benzene  and  were  found  to  be  tetramethyl 
arsonium  iodide.^ 

0.1 201  gram  substance  gave  0.1075  gram  Agl. 

Theory.  Found. 

I  48.67  48.55 

The  reaction  under  the  above  conditions  was 

(CH3)AsH,  +  3CH,I     =     (CH3),AsI  -f  2HI. 

Methyl  Trie  thy  I  Arsonium  Iodide. 

About  I  gram  of  methyl  arsine  was  heated  for  eight  hours, 
-at  110°,  with  6  grams  of  ethyl  iodide  ;  before  heating,  a  num- 
ber of  the  crystals  mentioned  above  were  noticed.  They  were 
nearly  white  and  were  well-defined  needles.  After  heating,  the 
red  oil  was  treated  as  above.  On  evaporating  on  the  water- 
bath  globules  of  the  arsonium  iodide  separated  and  on  cooling 
formed  white  crystals. 

Homologues  of  Methyl  Arsine. 

On  account  of  the  low  boiling-point  of  methyl  arsine,  diffi- 
•culties  in  condensing  and  handling  it  were  met  with.  To  avoid 
these  I  undertook  experiments  to  prepare  the  higher  boil- 
ing ethyl  compound.  The  only  method  available  for  the 
preparation  of  the  initial  substance  CjHjAsOjNaj,  was  that 
-of  lya  Coste.^  He  treated  arsenic  trichloride  with  mercury 
'Cthide,  and  found  them  to  react  as  follows : 

1  Ann.  Chem.  (Liebig),  pa,  361 ;  116,  364  ;  laa,  192.    Z.  physik.  Chem.,  13,  301. 
*  Ann.  Chem.  (Liebig),  ao8,  33. 
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ASCI3  +  Hg(C,H,X     =    AsC,H,Cl,  +  HgC,H,Cl. 

The  ethyl  arsine  dichloride  was  digested  on  the  water-bath 
with  dilute  nitric  acid  until  the  odor  of  the  chloride  had  disap- 
peared. The  solution  was  then  neutralized  with  potassium 
carbonate  and  evaporated  to  dryness.  Upon  extracting  the 
residue  with  absolute  alcohol,  potassium  ethyl  arsonate  was 
taken  up,  while  potassium  nitrate  and  potassium  arsenate,  al- 
ways present  in  the  reaction-products,  were  left  largely  undis- 
solved. Theoretically  simple,  this  method  was  found  to  be 
beset  with  great  experimental  difficulties.  Mercury  ethide  is 
strongly  poisonous  and  could  be  prepared  only  with  unsatis- 
factory yields.  Arsenic  trichloride  is  itself  a  dangerous 
compound  and  acts  best  on  mercury  ethide  in  excess, 
giving  ethyl  arsine  dichloride,  which  is  more  disagreeable  to 
deal  with  than  the  other  two  substances.  It  is  described  by 
La  Coste  as  follows  •} 

"Eine  farblose,  bei  156°  siedende  Fliissigkeit  von  schwachem, 
etwas  vanObst  erinnerndem  Geruch;  esreizt  die  Schleimhaute 
der  Augen  und  Nasen  sehr  hefting,  bringt  auf  der  Haut 
schmerzhafte  Brandblasen  hervor,  und  ist  fiir  dsn  Arbeiter 
sehr  gefahrlich  da  seine  Dampfe  Athemnoth.  Ohnmacht  und 
lange  andauernde  Lahmung  und  Gefiihllosigkeit  der  Extremi- 
taten  bewirken." 

For  these  reasons  the  preparation  of  ethyl  arsine  dichloride 
was  triply  disagreeable  and  dangerous.  Furthermore,  it  was 
found  to  be  impossible  to  fractionate  it  from  the  excess  of  ar- 
senic trichloride  and  on  account  of  the  easy  volatility  of  ethyl 
arsenic  acid,  the  yields  of  the  latter  were  found  to  be  insignifi- 
cant and  always  contaminated  with  arsenic  acid. 

Despairing  of  La  Coste' s  method  for  the  preparation  of  ethyl 
arsonic  acid  in  quantities  suflBcient  for  my  purpose,  that 
of  G.  Meyer  offered  some  encouragement.''  He  had  prepared 
methyl  arsonic  acid  by  the  action  of  methyl  iodide  on  sodium 
arsenite.  The  only  reference  to  the  homologous  ethyl  body 
was  as  follows  :  ' '  Versuche  welche  ich  im  Winter  mit  Jod 
aethyl  und  Arsenit  austellte  zeigten  wohl  auch  die  Bildung; 

>  Ann.  Chem.  (Liebig),  ao8,  34. 
*  Ber.  d.  chem.  Ges.,  16,  1440. 
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■von  Aethyl  arsinsaure  doch  bin  ich  damals,  wie  mir  scheint, 
-nicht  zu  reinen  Producten  gelangt."  ^ 

I  undertook  the  preparation  of  the  ethyl  compound  in  the 
manner  that  the  methyl  compound  was  prepared  (Klinger  and 
Kreutz),^  but  none  of  the  substance  sought  separated  from  the 
alcoholic  solution.  This  I  have  found  to  be  owing  to  its  ready 
solubility  in  both  alcohol  and  water.  I  have  been  able,  finally, 
to  purify  the  products  of  the  Meyer  reaction,  and  have  devel- 
oped the  method  so  that  it  far  surpasses  that  of  La  Coste  in 
points  of  elegance,  safety  and  yield. 

When  alkyl  halides  in  general  are  treated  with  alkali  arse- 
nites,  in  a  solution  made  homogeneous  by  the  addition  of  alco- 
hol, the  reaction  takes  place  according  to  the  following  general 
equation  : 

RX  +  M3ASO3     =     RM^AsOa  +  MX. 

A  secondary  reaction  also  occurs.  The  alcoholic  alkali,  al- 
ways present  in  the  mixture,  reacts  with  the  alkyl  halides  and 
gives  rise  to  simple  ethers  : 

ROM  +  RX     :-=     R,0  +  MX. 

Unchanged  arsenite  is  always  found  in  the  reaction-products. 
A  state  of  equilibrium  is  produced  when  all  the  alkyl  halide  is 
converted  into  ether  and  mono-alkyl  arsonic  acid.  The  excess 
•of  arsenite  reduces  a  little  of  the  alkyl  arsonic  acid  to  primary 
arsine,  or  its  derivatives,  imparting  to  the  reaction-product  a 
•characteristic,  disagreeable  odor. 

When,  for  instance,  ethyl  iodide  and  potassium  arsenite  are 
used,  there  will  be  found  in  the  reaction-products,  water,  alco- 
;hol,  ether,  an  arsine  derivative,  potassium  iodide,  potassium 
arsenite,  potassium  arsenate  and  potassium  ethyl  arsonate. 
The  ether,  alcohol  and  arsine  derivative  can  be  removed  by 
distilling.  If  chlorine  is  passed  into  the  residual  aqueous  solu- 
tion, which  has  been  neutralized  with  hydrochloric  acid,  all  the 
arsenite  is  oxidized  to  arsenate,  and  the  potassium  iodide  is 
converted  into  potassium  chloride  and  free  iodine.  After  the 
iodine  is  filtered  off  and   the   filtrate  treated  with  magnesia 

^'Ber.  d.  chem.  Ges.,  i6,  1442. 
-*  Ann..Chem.  (I<iebig),  349,  147. 
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mixture,  all  the  arsenic  acid  is  precipitated,  while  the  ethyl 
arsonic  acid  remains  in  solution.  Upon  boiling  the  filtrate, 
magnesium  ethyl  arsonate  precipitates  and  can  be  obtained 
pure  by  washing  with  cold  water. 

Methyl  arsonic  acid  can  be  prepared  by  this  method,  but 
owing  to  its  difl&cult  solubility  in  50  per  cent  alcohol,  it  is  best 
prepared  by  Klinger  and  Kreutz's  modification  of  Meyer's 
method.^  A  discussion  of  the  general  application  of  Meyer's 
reaction  and  my  modification  of  it  is  given  further  on. 

Preparation  of  Magnesium  Ethyl  Arsonate. 

Dissolve  completely  318  grams  of  arsenic  trioxide  and  540 
grams  of  potassium  hydroxide  in  sufficient  water,  mix,  dilute 
the  solution  of  potassium  arsenite  with  water  to  3  liters  and 
treat  with  500  grams  of  ethyl  iodide  (i  mol.  of  ethyl  iodide 
to  I  mol.  of  potassium  arsenite).  Sufficient  alcohol  is  now 
added  to  produce  a  homogeneous  solution.  The  mixture  is 
permitted  to  stand  in  tightly  corked  bottles  for  a  number  of 
days,  though  the  reaction  is  practically  complete  after  a  few 
hours.  The  solution,  which  smells  strongly  of  an  ethyl  arsine 
derivative,  is  distilled  directly.  When  all  the  alcohol  is  removed 
the  residual  aqueous  solution  is  acidified  with  dilute  hydrochloric 
acid.  The  white  precipitate,  consisting  essentially  of  arsenic 
trioxide  and  potassium  iodide  {vide,  p.  141),  is  filtered  off.  A 
rapid  stream  of  chlorine  is  now  passed  into  the  solution  until 
the  dark  color,  formed  by  the  precipitation  of  iodine,  begins  to 
clear.  An  excess  of  chlorine  forms  the  trichloride  with  the 
free  iodine,  this  should  be  avoided,  otherwise  iodine  is  precipi- 
tated when  the  filtrate  is  made  ammoniacal. 

The  iodine  is  filtered  off  and  the  filtrate  rendered  alkaline 
with  ammonia,  it  is  treated  with  a  large  excess  of  magnesia 
mixture  and  permitted  to  stand  at  least  twenty-four  hours. 
The  ammonium  magnesium  arsenate  precipitate  is  removed  by 
filtration  and  the  filtrate  boiled  in  evaporating  dishes.  After 
the  ammonia  is  largely  driven  off,  pure  white,  small,  ball-like 
masses  of  magnesium  ethyl  arsonate  separate  from  the  bottom 
and  float.     They  are  filtered  and  washed  with  cold  water  until 

1  Ann.  Chem.  (Liebig),  249,  147. 
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the  filtrate  gives  no  test  for  chlorine  with  silver  nitrate.  Pure 
magnesium  ethyl  arsenate,  containing  a  variable  quantity  of 
water  of  crystallization,  is  obtained.  The  filtrate  from  the 
magnesium  ethyl  arsenate  should  be  treated  with  more  mag- 
nesia mixture  and  boiled  to  insure  complete  precipitation  of 
the  magnesium  ethyl  arsenate.     Yield  40-50  per  cent. 

Dried  at  140°,  the  magnesium  ethyl  arsenate  is  a  pure 
white,  powdery  substance,  readily  soluble  in  acids  but  insolu- 
ble in  alkalies.  If  it  be  dissolved  in  hydrochloric  acid  and  the 
solution  be  made  ammoniacal,  reprecipitation  takes  place  only 
after  boiling.  At  22°,  2.31  grams  dissolve  in  1000  grams  of 
water  and  2.66  grams  dissolve  in  1000  grams  of  10  per  cent 
solution  of  ammonium  chloride.  At  25°  only  \  gram  dis- 
solves in  I  liter  of  ordinary  alcohol.  As  precipitated  above, 
the  salt  contains  varying  amounts  of  water,  which  most  fre- 
quently are  equal  to  i  molecule  of  water  of  crystallization. 

Per  cent. 

Theory  Mg  in  Mg(C,H,)As03  13.63 

"     "  Mg(C,H,)As03.H,0  12.37 

"    "  Mg(C,HJAsO,.3H,0  10.43 

Per  cent. 

1.  0,8142  gram  substance,  dried  at  145°, 

gave  0.5006  gram  MgjP^O^  13-29 

2.  0.5904  gram  substance,  dried  at  140°, 

gave  0.3793  gram  MgSO^  12.84 

3.  1.2978  grams  substance,  dried  at   25°, 

gave  0.6824  gram  MgSO^  10.51 

4.  0.7677  gram  substance,  dried  at   170°, 

gave  0.5048  gram  Mg,P,0,  14.58 

It  is  evident  that  heating  to  a  temperature  as  high  as  170° 
produces  partial  decomposition,  while  145°  is  not  high  enough 
to  cause  complete  dehydration.  The  anhydrous  magnesium 
salt,  on  ignition,  yields  water,  magnesium  oxide,  metallic  arse- 
nic and  a  hydrocarbon  which  burned  with  a  light  yellow  flame, 
gave  no  deposit  of  arsenic  by  the  Marsh  test  and  did  not 
readily  decolorize  bromine  water. 

Ethyl  Arsine  Disulphide. 
"When  hydrogen  sulphide   is  passed  through  a  hydrochloric 
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acid  solution  of  magnesium  ethyl  arsenate,  a  heavy  yellow  oil 
separates  slowly.  (This  separation  is  so  slow  that  ethyl 
arsonic  acid  may  be  freed  from  arsenious  acid  by  fractional 
precipitation. )  When  decanted  free  from  the  aqueous  solution, 
washed  with  distilled  water,  dried  by  means  of  calcium  chlo- 
ride and  filtered  through  a  dry  filter  kept  warm,  it  is  obtained 
pure. 

0.134  gram  substance  gave,  by  the  Carius  method,  0.1856 
gram  BaSO^. 

Calculated  for 
C0H5ASS0.  Found. 

S  38.09  38.04 

The  reaction  was,  therefore,  as  follows  : 

C.H^AsOCOH),  +  2H,S     =     C.H^AsS,  +  3H,0. 

The  disulphide  is  a  highly  viscid,  light  yellow  oil  of  a  peculiar, 
very  disagreeable  odor.  At  24°  its  specific  gravity  is  1.836. 
It  is  insoluble  in  water,  alcohol  and  ether,  sparingly  soluble  in 
ligroin  and  easily  soluble  in  benzene,  chloroform  and  carbon 
bisulphide.  Like  As^Sj,  CHgAsS/  and  CgH^AsS,*  it  is  insoluble 
in  concentrated  hydrochloric  acid.  It  is  very  soluble  in  alka- 
lies and  alkali  sulphides,  from  solutions  in  which  it  is  repre- 
cipitated  by  acids.  It  is  easily  dissolved  by  dilute  nitric  acid, 
forming  ethyl  arsonic  acid.  Concentrated  nitric  acid  acts  on 
it  with  explosive  violence  yielding  the  oxidation  products 
ethyl  arsonic  acid,  acetic  acid  and  inorganic  arsenic  acid. 

According  to  G.  Meyer'  and  Klinger  and  Kreutz,*  upon  heat- 
ing methyl  arsine  disulphide  the  decomposition  is  as  follows  : 

2CH3ASS,     =     (CH3),S  +  As^Sj. 

Meyer  stated  that  the  reaction  was  perfectly  analogous  to 
Baeyer's  decomposition  of  methyl  arsine  tetrachloride  :* 

CH3ASCI,     =     CH3CI  +  AsCl,. 

The  only  evidence  advanced  that  methyl  sulphide  was  one 
of  the  products  and  that  the  reaction  proceeded  as  above,  was 

'  Ber.  d.  chem.  Ges.,  i6,  1440 ;  Ann.  Chem.  (lyiebig),  249,  153. 

2  Ber.  d.  chem.  Ges.,  15,  1955. 

8  Ibid.,  16,  1441. 

*  Ann.  Chem.  (I^iebig),  249,  154. 

'  Ibid.,  107,  274. 
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the  strong  odor  of  the  methyl  sulphide.  I  have  not  been 
able  to  prove  the  formation  of  methyl  sulphide  in  the  de- 
composition products  of  methyl  arsine  disulphide,  but  I  have 
found  another  compound,  the  odor  of  which  may  have  been 
confused  with  that  of  methyl  sulphide.  It  is  trimethyl  arsine 
sulphide,  and  the  equation  representing  the  decomposition  of 
methyl  arsine  disulphide  is  as  follows  : 

3CH3ASS,     =     (CH3)3AsS  +  As^S^. 

A  somewhat  analogous  reaction  is  the  following  : 

3CeH,AsS     =     (C,H,),As  +  As,S3.' 

Trimethyl  arsine  sulphide  is  a  solid  which  crystallizes  in  tough, 
glistening,  white  needles  and  melts  at  174°.  The  analogous 
ethyl  body  has  been  studied  carefully  because  it  is  also  formed 
upon  heating  ethyl  arsine  and  carbon  bisulphide  in  alcoholic 
solution  {vide,  p.  147). 

Triethyl  Arsine  Sulphide. 

When  ethyl  arsine  disulphide  is  heated  in  a  bath  at  195°, 
darkening  of  the  liquid  takes  place,  the  light  yellow  color  being 
changed  to  a  red  amber.  Triethyl  arsine  sublimes  in  the  form 
of  beautiful  white  needles  which  are  conveniently  collected  in 
the  following  manner :  A  round  bottom  flask  containing  the 
ethyl  arsine  disulphide  is  heated  in  a  bath  at  i8o°- 
195"  ;  if  the  temperature  is  too  high,  secondary  decom- 
position takes  place.  A  colorless  oil,  with  a  strong  cacodyl 
odor,  is  formed.  Test-tubes  of  a  size  large  enough  to  fit 
closely  are  filled  with  cold  water  and  inserted  in  the  neck  of  the 
flask.  In  a  short  time  drops  of  melted  triethyl  arsine  sul- 
phide, or  its  crystals,  are  deposited  upon  the  test-tube.  It 
is  withdrawn  and  placed  in  a  beaker  containing  car- 
bon bisulphide  to  dissolve  ofi"  the  deposit,  while  another  test- 
tube  is  inserted.  When  no  more  crystals  are  formed  upon 
the  test-tubes,  the  carbon  bisulphide  solution  is  concentrated. 
White  needles  separate.  After  filtering  and  washing  with  car- 
bon bisulphide,  they  are  obtained  pure. 

1  Ber.  d.  chem.  Ges.,  15,  1957. 
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I.  0.2636  gram  substance  gave  0.3629  gram  COj  and  0.1783 
gram  H^O. 

II.  0.27  gram  substance  gave  0.367  gram  CO,  and  0,1866 
gram  H^O. 

III.  0.147  gram  substance  gave  o.  1771  gram  BaSO^. 

Calculated  for  Found. 

(C2H5)3ASS.  I.  II. 

C  37-11  37-54  37-07 

H  7.73  7.58  7.68 

S  16.49  16.55  •    • 

Landolt^  obtained  this  compound  by  digesting  triethyl  arsine 
with  sulphur.  He  gave  the  melting-point  as  somewhat  over 
100°.  I  find  that  it  melts  sharply  at  119.5°.  He  describes 
the  compound  as  odorless  when  pure.  Though  I  have  pre- 
pared the  compound  in  a  state  purer  than  L,andolt's,  as  shown 
by  the  analytical  data,  I  find  that  it  still  possesses  a  very  pecul- 
iar, penetrating  and  disagreeable  odor.  In  its  other  proper- 
ties it  agrees  with  Landolt's  compound.  Treated  with  con- 
centrated hydrobromic  acid  the  following  reaction  took  place  : 

(C,H,)3AsS  +  2HBr     =     (C.HJ^AsBr,  +  H,S. 

The  hydrogen  sulphide  given  ofi"  was  easily  detected  by  moist 
lead  acetate  paper.  The  residue  was  concentrated  on  the 
water-bath  and  the  crystals  separating  were  dried  on  a  clay 
plate  and  recrystallized  from  chloroform.  Thus  obtained  they 
were  nearly  pure  white  needles. 

0.0412  gram  substance  gave  0.0716  gram  AgBr. 


Calculated  for 

(C2H5)3AsBr.j 

Found. 

49.69 

48.96 

Br 

Magnesium  Methyl  Arsenate . 

This  salt  can  be  prepared  in  a  manner  analogous  to  the  ethyl 
salt  described  above,  or  by  treating  a  solution  of  the  sodium 
salt,  prepared  by  the  method  of  Klinger  and  Kreutz,*  with 
magnesia  mixture  and  boiling  it.  By  using  potassium 
arsenite  instead  of  sodium  arsenite  and  proceeding  as  above,  a 

'  Ann.  Chem.  (Liebig),  89,  326. 
*  Ibid.,  349,  149. 
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somewhat  better  yield  of  the  methyl  salt  can  be  obtained  than 
by  Klinger  and  Kreutz's  method.  When  methyl  arsonic  acid 
is  desired  in  a  short  time,  the  method  given  above  is  more 
practical,  but  more  laborious  than  that  of  Klinger  and  Kreutz. 
Magnesium  methyl  arsonate,  unlike  the  ethyl  salt,  is  partially 
precipitated  in  the  cold  on  adding  magnesia  mixture  to  a 
solution  of  its  salt.  Small  white  crystals,  of  a  more  homo- 
geneous composition  than  that  of  the  analogous  ethyl  salt,  are 
obtained.  They  are  readily  soluble  in  acids,  from  which  solu- 
tions ammonia,  in  excess,  reprecipitates  the  magnesium  salt 
without  boiling,  though  not  completely. 

I.  0.8027  gram  substance,  dried  in  desiccator  five  days, 
gave  0.3505  gram  Mg^P^O,. 

II.  0.6543  gram  substance,  dried  in  desiccator  five  days, 
gave  0.2859  gram  Mg^P^O,. 

Calculated  for  Found. 

MgCHgAsOs-SHaO.  I.  II. 

Mg  9.52  9-44  9-45 

The  salt  is  soluble,  2. 118  grams  in  a  liter  of  water  at  22° 
and  3.085  grams  at  99° 

Magnesium  Phenyl  Arsonate. 

A  solution  of  phenyl  arsonic  acid,  treated  with  magnesia 
mixture,  precipitated  MgCjHjAsOj  only  on  boiling. 

Silver  Phenyl  Arsonate. 

The  salt  was  prepared  and  analyzed  for  the  purpose  of  iden- 
tifying the  oxidation-products  of  phenyl  arsine.  It  was  made 
by  dissolving  pure  phenyl  arsonic  acid  in  ammonia,  adding  a 
solution  of  silver  nitrate  and  then  neutralizing  with  nitric 
acid,  A  pure  white,  glistening,  micro-crystalline  precipitate 
was  formed.  It  is  practically  insoluble  in  water,  as  proved  by 
the  fact  that  water,  in  contact  with  it,  produced  scarcely  any 
opalescence  with  hydrochloric  acid.  The  salt  darkens  in 
light. 

0.5731  gram  salt  gave  0.3940  gram  AgCl. 


Ag 


Calculated  for 

Ag2C8H5As03. 

Found. 

51-90 

51-78 
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As  methyl,  ethj'l  and  phenyl  arsonic  acids  are  precipitated 
by  the  magnesia  mixture  only  on  boiling,  a  general  means  is 
available  for  the  separation  of  organic  arsenic  acids  from  the 
inorganic  ones.  It  is  to  be  expected  that  propyl  arsonic 
acid  and  its  homologues,  and  phenyl  arsonic  acid  and 
its  homologues,  if  prepared  by  G.  Meyer's  reaction,'  could  be 
separated  and  purified  by  the  method  indicated  above.  That 
they  are  formed  by  Meyer's  reaction  may  be  seen  by  the  fol- 
lowing experiments  : 

G.  Meyer' s  Reaction. 

The  object  of  the  experiments  described  below  was  to  deter- 
mine the  best  conditions  for  Meyer's  reaction  and  the  extent  of 
its  applicability.  The  alkali  arsenites  were  treated  with  the 
alkyl  halides  in  sufiicient  water  and  alcohol  to  insure  homo- 
geneous solutions.  After  standing  at  ordinary  temperatures, 
or  heating  in  sealed  tubes,  the  solutions  were  evaporated  to 
dryness  on  the  water-bath.  The  residues  were  dissolved  in 
water,  feebly  acidified  with  dilute  sulphuric  acid  and  made 
alkaline  with  sodium  bicarbonate.  The  solution  was  then 
titrated  with  iodine  solution  to  determine  the  unchanged 
arsenite.  The  alkyl  arsonic  acids,  containing  pentavalent 
arsenic,  are  not  affected  by  free  iodine.  The  difference  be- 
tween the  amount  of  arsenite  used  and  the  amount  found  by 
titration,  represents  the  amount  fixed  by  the  organic  groups. 
A  ready  means  is  thus  afforded  for  determining  the  yields  in 
the  Meyer  reaction. 

I.  Ethyl  iodide  and  NajAsOj  (i  mol.  to  i  mol.)  : 

I.  After   24  hours  yielded  43.76  per  cent  ethyl  arsonic  acid. 


2. 

72 

40.17 

3- 

"   91 

( < 

"   46.36 

4- 

"  120 

( ( 

42.50 

These  experiments  show  that  the  reaction  is  complete  at  the 
end  of  twenty-four  hours. 

1  Ber.  d.  chem.  Ges.,  16,  1440. 
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II.  Ethyl  iodide  and  NagAsO,  (1.5  mols.  to  i  mol.)  : 

1.  After    II  hours  yielded  42.77  per  cent  ethyl  arsonicacid. 

2.  "     115     "  "        44-35       " 

3.  "     115     "  "        43-03       " 

4.  "     168     "  "         46.65       " 

Here  an  excess  of  the  alkyl  iodine  does  not  seem  to  be  of 
any  advantage. 

III.  Ethyl  iodide  and  K3ASO3  (i  mol.  to  i  mol.)  : 

1.  After    I  hour  yielded  63.90  per  cent  ethyl  arsonic  acid. 

2.  "      16  hours      "        67.65       " 

3.  "     48     "  "        70.30       " 

4.  "     48     "  "        70.25       " 

These  experiments  show  that  the  yield  is  nearly  doubled  by 
using  potassium  arsenite  instead  of  sodium  arsenite.  Also 
that  the  reaction  is  nearly  complete  in  one  hour.  Much  less 
alcohol  was  required  with  potassium  arsenite  than  with  sodium 
arsenite.  For  these  reasons  it  is  of  advantage  to  use  potas- 
sium arsenite  in  Meyer's  reaction. 

IV.  Ethyl  iodide  +  K3ASO3  (1.5  mols.  to  i  mol.)  : 

1.  After  16  hours  yielded  72.75  per  cent  ethyl  arsonic  acid. 

2.  "     48      "  "        76.00 

Excess  of  ethyl  iodide  in  this  case  produces  only  a  slight 
increase  in  the  yield. 

V.  Ethyl  bromide  and  KjAsOj  ( i  mol.  to  i  mol. )  : 

I.  After     5  hours  yielded  11.20  per  cent  ethyl  arsonic  acid. 


2. 
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22.62 

It  is  evident  that  the  bromide  is  not  so  well  adapted  for 
alkylation  as  the  iodide.  After  heating  the  ethyl  bromide 
with  the  potassium  arsenite  in  a  sealed  tube,  for  six  hours,  at 
110°,  the  yield  was  only  9.5  per  cent.  Here  a  quantity  of 
alcohol  insufficient  to  produce  a  homogeneous  solution  was 
used. 

Other  studies  are  indicated  in  the  following  table  : 
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Jrocarbon  substituent. 

Time. 

Yield. 

Ethyl  nitrite 

48 

3-25 

Ethylene  bromide 

20 

2.10 

1  (             i( 

168 

11.30 

w-Propyl  iodide 

24 

19.80 

Isopropyl  iodide 

48 

450 

Isoamyl         ' ' 

24 

2.41 

( (               ( ( 

50 

5.06 

((               (( 

168 

20.00 

Phenyl 

20 

8.30 

( (                (1 

48 

7-25 

( (                ( ( 

144 

7-43 

"        bromide 

14 

8.70 

Toluyl  iodide 

51 

8.10 

Benzyl    " 

50 

27.88 

((         (( 

69 

33-00 

((         ( ( 

71 

3362 

The  arsonic  acids  of  w-propyl,  isoamyl  and  benzyl  iodides 
would  seem  to  admit  of  easy  preparation.  I  have  experiments 
in  progress  to  prepare  these  acids  and  their  corresponding  ar- 
sines. 

These  results  show  that  although  alkylation  continues  to 
take  place  as  the  molecular  weight  of  the  alkyl  haloid  increases, 
yet,  in  the  aliphatic  series,  the  yields  are  inversely  as  the  molec- 
ular weights.  Benzyl  iodide  gives  a  larger  per  cent  than 
phenyl  iodide  because,  in  its  reactions,  it  is  more  closely  allied 
with  methyl  iodide  than  with  phenyl  iodide.  All  the  arsonic 
acids  hitherto  known  are  given  below  : 
I  Methyl^ 


2 

Ethyl^ 

3 

Phenyl' 

4 

Nitrophenyl* 

5 

Paranisyl* 

6 

Orthotoluyl® 

7 

Paratoluyl' 

8 

BenztoluyP 

9 

a-Naphthyl' 

1  Ann.  Chem.  (Liebig),  107,  263  ;  249,  149  ;  Ber.  d.  chem.  Ges.,  16.  1440. 

'  Ann.  Chem.  (I<iebig),  ao8,  34. 

» Ibid.^  aoi,  203. 

■•  Ber.  d.  chem.  Ges.,  37,  265. 

*  Ibid.^  ao,  51. 

*  Ann.  Chem.  (Liebig),  aoi,  355. 
'  Ibid.,  aoi.  255. 

^  Ibid.,  ao8,  3. 

»  Ber.  d.  chem.  Ges.,  11,  1503. 
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It  is  evident  that  a  large  number  of  acids  could  be  prepared 
by  Meyer's  reaction  and  that,  through  their  reduction,  the  cor- 
responding primary  arsines  and  their  derivatives  could  be  ob- 
tained. Studies  along  these  lines  are  being  made  in  this  lab- 
oratory. 

When  the  reaction-product  of  alkyl  iodide  and  potassium 
arsenite,  in  alcoholic  solution,  is  neutralized  with  hydrochloric 
acid,  copious,  small,  white,  glistening  crystals,  or  a  powdery 
mass  is  precipitated.  This  substance  is  also  formed  if  the  solu- 
tion is  strongly  alcoholic  and  is  permitted  to  stand  for  a  num- 
ber of  days  ;  its  production  was  noticed  by  Klinger  and 
Kreutz,^  from  methyl  iodide  and  potassium  arsenite  in 
a  strongly  alcoholic  solution.  They  stated  that  the  precipitate 
was  not  potassium  methyl  arsenate,  but  the  double  compound 
of  potassium  iodide  and  arsenic  trioxide  studied  by  Rudorff,^ 
who  found,  by  analysis,  the  composition  : 

Per  cent. 

AsjOj  70.42 

K  6.99     2As,03-KI 

I  22.58 

I  have  made  analyses  of  various  precipitates  produced  by 
acidifying  the  reaction-products  of  Meyer's  reaction  and  dry- 
ing to  constant  weight  in  desiccators.  I  weighed  the  iodine  as 
the  silver  salt,  the  potassium  as  sulphate  and  determined  the 
arsenic  trioxide  in  the  same  manner  as  Riidorff,  by  titration 
with  standard  iodine  solution. 

Samples. 

I.  Ethyl  iodide,  i 

K3ASO3,  acidified  with 

H,SO,  2 

First  precipitates  3 

II.  Same  as  I.     Last  pre- 
cipitate I 

III.  Same  as  I.     Precipitated 

in  cone,  alcohol  i 

IV.  Benzyl  iodide,  same  as  I, 

HjSO^.  First  fraction  i 
Same  as  IV.     Middle 

fraction  i 

Same  as  IV.     Last 

fraction  i 

1  Ann.  Chem.  (Liebig),  349,  155. 
*  Ber.  d.  chem.  Ges.,  19,  j668. 


AssOs- 
10.26 

Potassium 
38.41 

.  Iodine. 
3-69 

Sum. 
52.36 

10.40 

38.80 
39.10 

3-50 
3.82 

52.70 

66.23 

8.49 

21.40 

96.12 

60.92 

12.17 

19.20 

92.12 

33.80 

26.80 

10.85 

71-45 

13.18 

31-55 

7.69 

52.42 

8.36 

41.67 

2.12 

52.15 
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The  above  data  show  that  the  preparations  are  far  from 
being  homogeneous  and  do  not  agree  at  all  with  Riidorff's  com- 
pound. Moreover  the  presence  of  carbon  in  them  can  easily  be 
proved  and  the  sum  of  analytical  values  is  less  than  100.  It 
is  evident,  therefore,  that  an  arrangement  of  values  different 
from  Rudorff^s  is  necessary.  Distributing  the  constituents 
among  KI,  KgAsO,  and  K^C^HjAsO,  I  obtain  : 

Per  cent. 

K^QH^AsOj  66.82 

KjAsOj  4.82 

KI  24.88 

Total  per  cent  =     96.52 

It  will  be  necessary  to  make  direct  determinations  of  the 
carbon  and  hydrogen,  because  the  As^Oj  may  be  present  as 
such  or  as  K^AsOg.  A  closer  study  of  these  precipitates  is  re- 
quired before  attempts  are  made  to  prepare  other  arsonic  acids 
by  Meyer's  reaction. 

Ether  Formation  in  Meyer's  Reaction. 

From  the  use  of  iioo  grams  of  ethyl  iodide  the  following 
fractions  of  ordinary  ether  were  separated  from  the  alcoholic 
reaction  solution  : 

Grams. 

1  below  40°,  40 

2  40°-45°.  25 

3  45°-55°,  24 

4  55°-65°.  10 

5  65°-75°,  _8 

Total,     107 

Considering  75  grams  of  this  weight  pure  ether,  it  would  be 
equivalent  to  315  grams  of  ethyl  iodide,  or  about  30  per  cent 
of  the  amount  used.  Therefore  about  this  per  cent  of  ethyl 
iodide  reacts  with  sodium  ethylate  and  the  remaining  70  per 
cent  with  potassium  arsenite  : 

NaOC^Hj  +  C,H,I     =     (C.HJ.O  +  Nal. 
K.AsO, +  C,H,I     =     KAH5ASO, +  KI. 

This  agrees  with  the  yield  of  ethyl  arsonate  as  determined 
above. 
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Ethyl  Arsme, 
C,H,AsH, 

Ethyl  arsine  is  easily  obtained  from  magnesium  ethyl  arson- 
ate,  by  the  method  used  for  the  preparation  of  methyl  arsine. 
A  freezing-mixture  of  salt  and  ice  is  employed  instead  of  solid 
carbon  dioxide.  The  yield  is  quantitative,  though  the  amount 
that  can  be  condensed  is  only  about  60  per  cent. 

If  the  alcohol  is  omitted  in  the  reduction  of  ethyl  arsonic 
acid,  a  transparent  oil,  of  a  cacodyl-like  odor,  may  be  seen  float- 
ing on  the  surface  of  the  solution.  A  specimen  (0.084  gram), 
condensed  in  a  sulphur  dioxide  tube,  boiled  above  100°,  under 
481  mm.  Apparently  it  contained  ethyl  arsine  and  an  inter- 
mediate product  of  reduction  {vide,  p.  120). 

The  combustion  of  the  ethyl  arsine  was  conducted  in  the 
same  manner  as  that  of  methyl  arsine. 

0.0937  gram  substance  gave  0.0056  gram  H^O  and  0.0776 
gram  CO.,. 

0.1468  gram  substance  gave  0.2146  gram  Mg^As^O,. 

Calculated  for 
C2H5ASH2.  Found. 

C  22.64  22.58 

H  6.60  6.64 

As  70.75  70.73 

Ethyl  arsine  is  a  liquid  resembling  methyl  arsine  in  its 
physical  and  chemical  properties.  It  boils  at  36°  as  deter- 
mined in  the  apparatus  used  for  methyl  arsine ;  the  sp.  gr.  at 
22°  is  1. 217.  Its  solubility  in  water  was  found  to  be  126  parts 
in  a  million  at  19°,  the  value  being  obtained  by  means  of  the 
reaction  expressed  by  the  equation : 

C.HjAsH,  +  3H,0  +  61    =    C^H^AsOCOH),  +  6HI. 

Its  odor  differs  somewhat  from  that  of  methyl  arsine,  but,  like 
the  latter,  it  is  extremely  disagreeable  and  penetrating.  A  rat 
permitted  to  breathe  a  little  of  its  vapor,  died  almost  imme- 
diately. Its  slow  oxidation  products  with  air  are  colored  light 
yellow,  instead  of  bright  red,  as  in  the  case  of  methyl  arsine. 

Oxidation  of  Ethyl  Arsine. 

When  33.37  cc.   of  ethyl  arsine  vapors  were  treated  with 
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180.20  cc.  of  dry  air,  a  contraction  of  60.71  cc.  was  shown  at 
the  end  of  twenty-four  hours.     The  reaction  was  mainly  : 

C.HjAsH,  -f  Oj     =     CjHjAsO  +  H,0. 

When  ethyl  arsine  from  the  generator  was  passed  through 
concentrated  nitric  acid,  brown  oxides  of  nitrogen  were  given 
off  and  inorganic  arsenic  acid  soon  separated.  The  solution 
was  proved  to  contain  ethyl  arsonic  and  acetic  acids.  The  re- 
actions may  be  expressed  as  follows  : 

C.HjAsH,  +  6HNO3    =    C.HjAsOCOH), +  3H3O  +  6NO,; 
2C,H3AsH,  +  24HNO3     = 

2CH3COOH  +  As^Oj  +  24NO,  +  i5H,0. 

With  silver  nitrate,  in  either  neutral  or  alkaline  solution, 
immediate  precipitation  of  metallic  silver  takes  place;  when 
25  cc.  of  water,  saturated  with  ethyl  arsine  and  calculated  to 
contain  0.0043  gram,  were  treated  with  excess  of  ammo- 
niacal  silver  nitrate,  0.005  gram  of  metallic  silver  was  obtained. 

The  equation 

C^HjAsH,  +  6AgN03  +  3H,0     = 

C.H^AsOCOH),  +  6Ag  +  6HN0j 

requires  the  precipitation  of  0.0261  gram  of  silver,  which  is 
about  five  times  the  amount  found.  Evidently  most  of  the 
silver  remains  in  solution  as  the  silver  salt  of  ethyl  arsonic 
acid. 

Ethyl  Arsine  and  Sulphuric  Acid. 

Upon  passing  ethyl  arsine  through  concentrated  sulphuric 
acid  and  allowing  the  liquid  to  remain  for  a  number  of  days, 
beautiful  white  compact  crystals  separated,  which  are  difficult 
to  obtain  free  from  sulphuric  acid.  Upon  exposure  to  the  air, 
or  by  treatment  with  water,  an  arsine-like  odor  was  given  off. 
The  crystalline  compound  is  evidently  a  salt  of  ethyl  arsine 
and  sulphuric  acid,  probably  having  the  composition, 
(C,H5AsH,)2.H,SO,  analogous  to  (CH3NH,),.H,S0,  and 
(CjH5NH2)2.H5SO^.^  Experiments  with  the  condensation  prod- 
ucts of  primary  and  secondary  arsines,  with  sulphuric  acid,. 

>  Ann.  Chem.  (Uebig),  193,  73. 
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the  halogens  and  halogen  acids,  are  in  progress  in  this  labora- 
tory and  tend  to  establish  the  basicity  of  the  arsines. 

Tetraethyl  Arsonium  Iodide, 
(C,H,),AsI.^ 

Excess  of  ethyl  iodide  was  heated  with  2.89  grams  of  ethyl 
arsine,  for  eight  hours,  at  110°.  The  red  liquid  was 
washed  with  benzene,  then  with  a  little  potassium  hydroxide 
solution  to  remove  the  iodine  and  was  finally  extracted  with 
chloroform.  The  solution  was  dried  over  calcium  chloride, 
concentrated  on  the  water-bath  and  treated  with  a  little  ben- 
zene, when  pure  white  crystals  of  tetraethyl  arsonium  iodide 
separated. 

1. 131 1  grams  substance  gave  0.835  gram  Agl. 

Theory.  Found. 

I  39-93  39.90 

The  reaction  was  as  follows  : 

C,H,AsH,  +  3C,H,I     -     (C,H,),AsI  +  2HL 

Ethyl  Trimethyl  Arsonium  Iodide. 

When  the  bulbs  of  ethyl  arsine  and  methyl  iodine  were 
broken,  iridescent,  transparent  needles  were  produced  which 
increased  in  volume  on  standing  and  became  more  compact  in 
form.  They  were  probably  the  intermediate  products  men- 
tioned above.  The  dark  red  oil  was  washed  with 
benzene,  then  treated  with  concentrated  potassium  hydroxide. 
After  evaporating  on  the  water-bath  a  colorless  oil  separated, 
from  which  crystals  of  ethyl  trimethyl  arsonium  iodide  formed 
on  cooling.  They  were  filtered  as  dry  as  possible,  washed 
with  a  little  of  a  mixture  of  alcohol  and  ether,  dissolved  in  or- 
dinary alcohol  and  reprecipitated  by  means  of  ether.  After 
filtering,  they  may  be  recrystallized  from  alcohol  directly. 
Beautiful,  hard,  glistening  needles  are  formed.  Ethyl  tri- 
methyl arsonium  iodide  does  not  melt  at  300°  ;  it  softens  some- 
what at  this  temperature  and  shrinks  considerably  at  320°.  It 
is  soluble  in  water,   chloroform  and  hot  alcohol  ;  somewhat 

I  Ann.  Chem.  (I,iebig),  89,  33  ;  92,  364. 
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diflScultly  soluble  in  cold  alcohol  or  concentrated  potassium 
hydroxide,    and  insoluble  in  ether. 

0.2275  gram  substance  gave  0.1945  gram  Agl. 

Calculated  for 
CoH6(CH3)3AsI.  Found. 

I  46.07  46.20 

Reaction  was  as  follows  : 

C^HjAsH,  +  3CH,I     :=     C,H5(CH3)3AsI  +  2HI. 

Ethyl  Triisoamyl  Arsonium  Iodide. 

Two  grams  of  ethyl  arsine  and  excess  of  isoamyl  iodide 
were  heated  for  eight  hours  at  140°.  The  red  oil  was  washed 
with  benzene,  decolorized  and  evaporated  with  concentrated 
potassium  hydroxide  solution  ;  the  precipitate  was  filtered, 
washed  with  ether  and  dissolved  in  hot  alcohol.  Upon  con- 
centrating the  alcoholic  solution  and  cooling,  compact  crystals 
separated.  They  were  found  to  be  difficultly  soluble  in  chloro- 
form, easily  so  in  isoamyl  alcohol  and  ordinary  alcohol 
and  insoluble  in  ligroin  and  acetone.  Ethyl  triisoamyl  arso- 
nium iodide  does  not  melt  at  250°.  Reaction  was  as  follows  : 
C,H,AsH,  +  3C,H„I     =     C,H,(C,H,,),AsI  +  2HI. 

Ethyl  Arsine  and  Carbon  Bisulphide. 

A  mixture  of  2.0528  grams  ethyl  arsine,  8.2529  grams  car- 
bon bisulphide  and  6.5862  grams  absolute  alcohol  was  heated 
in  a  sealed  tube,  for  ten  hours,  at  120°.  Upon  opening  the 
tube  no  pressure  was  noticed  ;  after  evaporating  the  excess  of 
carbon  bisulphide  and  alcohol  a  heavy  oil  with  a  peculiar, 
mustard-like,  disagreeable  odor  remained.  Its  maximum  boil- 
ing-point was  220°.  The  fraction  above  200°,  on  standing  for 
a  number  of  days,  deposited  long  needles,  which,  being  fil- 
tered and  recrystallized  from  carbon  bisulphide,  were  found  to 
melt  sharply  at  119°. 5.  This  agrees  with  the  melting-point  of 
triethyl  arsine  sulphide  mentioned  above.  The  odor  and  other 
properties  of  the  two  substances  were  found  to  be  identical. 

The  oil  which  was  filtered  from  the  triethyl  arsine  sulphide 
had  a  very  irritating  cacodyl-like  odor.  Too  little  of  it  was 
obtained  for  analysis.     At  present  no  equation  can  be  given 
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that  will  represent  this  peculiar  reaction.  Whether  triethyl 
arsine  sulphide  is  the  end  product,  or  results  from  some  inter- 
mediate compounds,  cannot  be  stated. 

Phenyl  Arsine, 
CeH.AsH, 

This  compound,  the  analogue  of  aniline,  was  prepared  from 
the  calcium  salt  of  monophenyl  arsonic  acid.^  A  quantity  of 
the  pure  salt  was  mixed  with  excess  of  amalgamated  zinc 
dust,  covered  with  water  and  then  with  a  layer  of  ether.  The 
flask  was  connected  with  a  return  condenser,  at  the  top  of 
which  was  inserted  a  rubber  stopper  carrying  a  dropping  fun- 
nel and  a  tube  bent  down  into  mercury.  The  latter  permitted 
the  escape  of  hydrogen  without  admitting  air.  Hydrochloric 
acid  was  added  at  the  rate  of  3-5  drops  per  minute.  After  a 
number  of  hours  the  reaction  was  complete,  according  to  the. 
equation : 

CeH,AsO(OH),  4-  6H     =     QH.AsH,  -f  sH.O. 

This  is  contrary  to  the  view  of  La  Coste  and  Michaelis.*^ 
"  Die  Monophenylarsinsaure  zeichnet  sich  in  ihrem  Verhalten 
gegen    Oxydations-  und    Reductionsmittel    durch   ungemeine 

Bestandigkeit  aus; Durch  Zink  findet  wederinalkalischer 

noch  in  saurer  Losung  eine  nennenswerthe  Reduction  statt ,' 
es  hort  zwar  beim  Zufiigen  der  Saure  zu  dem  Reductions- 
gemisch  fiir  einige  Zeit  die  Wasserstoffentwickelung  auf  und 
gleichzeitig  macht  sich  ein  unangenehmer  knoblauchartiger 
Geruch  beraerklich,  aber  auch  nach  langerer  Einwirkung 
lasst  sich  der  grosste  Theil  der  Saure  unverandert  weider 
abscheiden.  Es  geschieht  diess  am  einfachsten,  indem  man 
die,  im  Falle  eine  alkalische  Losung  benutzt  war,  mit 
Schwefelsaure  angesauerte,  etwas  erwarmte  Fliissigkeit  mit 
Aether  ausschiittelt ;  bei  langerem  Stehen,  oder  beim  Verdun- 
sten  der  atherischen  Losung  scheidet  sich  die  Saure  in  feinen 
Nadeln  ab;  eigenthiimlich  ist,  dass  dieselbe  aus  stark  saurer 
Losung  in  den  Aether  iibergeht,  wahrend  sie  sich,  direct 
damit  behandelt,  nur  spurenweise  in  demselben  lost."     This 

1  Ann.  Cheni.  (I,iebig),  aoi,  203-209  ;  Ber.  d.  chem.  Ges.,  37,  264. 
'  Ann.  chem.  (I<iebig),  201,  204. 
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was  written  in  1880,  I  quote  from  Michaelis  in  1902.* 
"  Primary  aromatische  Arsine  RAsHj  konnten  bis  jetzt  nicht 
erhalten  werden.  Alle  Reductionsversuche  fiihrten  immer  zu 
den  Arsenoverbiudungen,  die  keinen  Wasserstoflf  aufnehmen. 
Doch  wurde  haufig  bei  solchem  Versuchen  ein  eigenthumlich 
durch  dringender  Geruch  wahrgenommen,  der  von  geringen 
Mengen  eines  hierbie  gebildeten  Arsins  herzuriihren  scheint. 
Vielleicht  werden  daher  doch  noch  einmal  die  Bedingungen 
zur  Darstellung  dieser  interessanten  Korperklasse  aufgefun- 
den." 

Michaelis  undoubtedly  obtained  phenyl  arsine  by  the  reduc- 
tion of  phenyl  arsonic  acid  and  other  phenyl  arsine  compounds 
but  did  not  isolate  it.  The  former  reduces  to  the  arsine  in 
either  acid  or  alkaline  solution.  In  his  earlier  experiments 
Michaelis  evidently  recovered  his  phenyl  arsonic  acid  after  he 
had  reduced  it  to  phenyl  arsine  and  it  had  been  permitted  to 
reoxidize  in  the  air  to  the  acid.  Arsinobenzene,  which  ap- 
peared to  be  the  end  reduction  product,  is  really  an  inter- 
mediate one,  or  else  a  subsequent  oxidation  product  of  the 
arsine.  In  a  proper  solution  arsenobenzene  is  reduced  to 
phenyl  arsine. 

When  the  ether  layer  in  the  above  reduction  is  removed, 
dried  with  calcium  chloride  and  distilled,  it  is  found  to  contain 
phenyl  arsine.  The  distillation  is  best  carried  on  in  vacuo  in 
a  Briihl  apparatus,  while  dry  carbon  dioxide  is  admitted 
through  the  capillary  entering  the  distilling-flask.  After  the 
distillates  have  been  collected  carbon  dioxide  is  permitted  to 
fill  the  apparatus.  The  capillaries  of  bulbs  which  have  been 
previously  filled  with  carbon  dioxide  and  heated  are  dipped 
into  the  liquid  arsine.  Care  must  be  exercised  to  exclude  air 
as  completely  as  possible,  because  the  arsine  rapidly  oxidizes 
to  arsenobenzene,  phenyl  arsenic  acid  and  phenyl  arsine  oxide. 

The  combustion  of  phenyl  arsine  was  conducted  like  that  of 
methyl  and  ethyl  arsine  except  that  the  breaking  of  a  bulb  in 
the  combustion  tube  was  not  necessary. 

0.1780  gram  substance  gave  0.3056  gram  CO^  and  0.0718 
gram  HjO. 

»  Ann.  Chem.  (Uebig),  320,  276. 
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0.2851  gram  substance  gave  0.2833  gram  Mg^As^O,. 
0.1009  gram  substance  gave,  by  the  V.  Meyer  method,  18 
cc.  gas  at  31°  and  744  mm.  pressure. 


Calculated  for 

CeHjAsHa. 

Found. 

c 

46.75 

46.82 

H 

4-54 

4-43 

As 

48.70 

48.08 

Mol.  wt. 

154.0 

150.5 

Monophenyl  arsine  is  a  transparent,  highly  refractive,  heavy 
oil  boiling  at  148°  under  ordinary  pressure,  93°  under  70  mm., 
84°  under  55  mm.  and  77°  under  33  mm.  It  is  insoluble  in 
water  but  readily  dissolves  in  alcohol,  ether  and  carbon  bi- 
sulphide. Its  odor,  when  concentrated,  is  somewhat  like  that 
of  phenyl  isocyanide,  but  when  dilute  it  is  very  pleasant  and 
resembles  that  of  the  hyacinth. 

Oxidation  of  Phenyl  Arsine. 

In  contact  with  air  phenyl  arsine  rapidly  warms  and  changes 
into  a  light  yellow,  plastic  mass.  The  odor  of  phenyl  arsine 
oxide  is  noticeable,  while  arsenobenzene  and  phenyl  arsonic 
acid  are  easily  identified  in  the  oxidation-products.  Well- 
formed  crystals  of  arsenobenzene  separate  if  an  ethereal 
solution  of  phenyl  arsine  is  permitted  to  oxidize  slowly  in 
air  ;  the  melting-point  agrees  with  that  of  arsenobenzene. 
On  evaporating  the  filtrate,  extracting  with  water  and  pre- 
cipitating by  means  of  silver  nitrate,  in  neutral  solution,  the 
silver  salt  of  phenyl  arsonic  acid  was  formed.  The  following 
equations  show  the  oxidations  : 

QH.AsH,  +  0,      =     CeH.AsO  -f  H,0  ; 
QH.AsH, +  3O      =     C,H,AsO(OH),  ; 
2C6H5ASH,  +  O,     =     CeHjAs  :  AsCgH^  +  2H,0. 

Concentrated  nitric  acid  acts  on  phenyl  arsine  with  explo- 
sive violence,  an  odor  of  nitrobenzene  being  evolved.  The 
following  equations  represent  the  reactions  : 

CjHjAsH,  +  6HNOs     =     C.H^AsOCOH),  +  3H,0  -f  6N0, ; 
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2CSH5ASH,  +  4HNO,     = 

C,H,As  +  AsCeH,  +  4H,0  +  4NO, ; 
2C,H5AsH,  +  14HNO3     =: 

2C,H,N0,  +  As,0,  +  9H,0  +  12NO,. 

The  clear  yellow  solution  resulting  was  evaporated  to  remove 
the  excess  of  nitric  acid  ;  after  extracting  with  chloroform  the 
insoluble  residue  was  identified  as  arsenobenzene.  The  chlo- 
roform was  evaporated  and  deposited  compact  crystals.  These 
were  washed  with  a  little  chloroform,  dissolved  in  ammonia 
and  treated  with  silver  nitrate,  in  neutral  solution.  The  white 
silver  precipitate  was  analyzed. 

0.4142  gram  substance  gave  0.2830  gram  AgCl. 

Calculated  for 

AgoCcHsAsOs.  Found. 

Ag  51-92  51-46 

The  chloroform  was  shaken  up  with  ammonia,  then  evapo- 
rated on  the  water-bath  and  the  yellow  oil  remaining  was  iden- 
tified as  nitrobenzene.  Some  of  the  original  solution  gave  a 
precipitate  in  the  cold  with  magnesia  mixture.  Hence  ar- 
senic acid  is  one  of  the  products  of  the  oxidation.  Evidently 
the  energetic  action  of  nitric  acid  causes  a  resolution  of  part  of 
the  phenyl  arsine  according  to  the  third  equation  above. 

Reactions  of  Phenyl  Arsiiie  with  Halogens. 

With  Bromine. — Phenyl  arsine  was  treated  with  bromine, 
in  ether  solution,  the  liquid  decolorized  immediately.  Ex- 
cess of  bromine  was  added  and  the  ether  distilled  oflF  on 
the  water-bath  ;  a  brown-red  oil  remained,  during  the  distilla- 
tion, of  which  fumes  of  hydrobromic  acid  were  evolved.  Brom- 
benzene  was  found  in  the  distillate  and  arsenic  tribromide  in 
the  residue.     The  reactions  were  as  follows  : 

CeH^AsH,  +  Br,     =-     QH^AsHBr.HBr. 
CeHjAsHBr  -f  Br,  =     CeHjAsBr^.HBr. 
CgH^AsBr,  +  Br,     =     C.H^Br  +  AsBrj. 

La  Coste  and  Michaelis^  are  authorities  for  the  last 
equation.     That  one  or  the  other  of   the  addition-products, 

>  Ann.  Chem.  (Liebig),  aoi,  203. 
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CeH^AsHBr.HBr  or  CeHsAsBr^.HBr,  was  formed  during  the 
reaction  is  indicated  by  the  following  experiment : 

Solution  of  bromine  in  anhydrous  ether  was  added,  not  in 
excess,  to  a  similar  solution  of  phenyl  arsine.  A  brick-red  pre- 
cipitate was  formed,  but,  hitherto,  all  attempts  to  isolate 
it  have  failed.  It  could  not  be  phenyl  arsine  dibro- 
mide,  brombenzene,  or  arsenic  tribromide,  because  all  of  these 
are  Hquids.  It  might  be  CeH^AsHBr.HBr,  or  CeH^AsBrj.HBr, 
for  the  following  reasons:  On  exposure  to  the  air  it  immediately 
became  liquid  and  evolved  hydrobromic  acid.  That  it  con- 
tains the  CgHjAs  group  is  seen  from  its  decomposition-prod- 
ucts yielding  phenyl  arsine  when  treated  with  zinc  and  hy- 
drochloric acid.  Of  the  two  formulas,  CgHjAsHBr.HBr  and 
CjHjAsBrj.HBr,  the  former  is  the  more  probable,  for  reasons 
mentioned  previously. 

With  Iodine. — Phenyl  arsine  immediately  decolorizes  solu- 
tion of  iodine  in  potassium  iodide.  By  treating  a  known 
weight  of  the  arsine  with  excess  of  standard  iodine  solution, 
and  titrating  this  excess  by  means  of  thiosulphate  solution, 
the  following  results  were  obtained  : 

(i)  0.4227  gram  CgH^AsHj  took  up  1.7032  grams  iodine 
equivalent  to  4.8  atoms  of  iodine. 

(2)  0.4819  gram  CgHjAsHj  took  up  1.8853  grams  iodine 
equivalent  to  4.7  atoms  of  iodine. 

If  the  reactions  were  as  follows , 

CgH^AsH,  +  61  +  3H,0     =     CgH^AsOCOH),  +  6HI, 

CgH,AsH,  +  41     =     CgH.AsI,  +  2HI, 

the  ratio  would  be  one  molecule  of  the  arsine  to  either  6  or  4 
atoms  of  iodine.  The  experimental  evidence  shows  that  both 
reactions  must  take  place.  Phenyl  arsonic  acid  has  been  iden- 
tified among  the  reaction  products. 

Reactions  with  Alky  I  Haloids. 
Phenyl     Triethyl     Arsonium     Iodide} — Excess     of     ethyl 
iodide  was  treated  with  3.45  grams  of  phenyl  arsine,  for  six 

1  Ann.  Chem.  (Liebig),  aoi,  212. 
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hours,  at  120°.  The  dark  colored  oil  was  washed  with  benzene, 
decolorized  by  means  of  a  solution  of  caustic  potash  and  ex- 
tracted with  chloroform.  The  chloroform  was  evaporated  and 
the  iodide  which  separated  was  identified  by  its  melting-point, 
113°. 

CeH.AsH,  +  3C,H,I     =     CeH.CCHJ^AsI  +  2HI. 
Phenyl  Tritnethyl  Arsonium  Iodide. 

By  the  use  of  methyl  iodide  this  substance  was  prepared  in 
an  analogous  manner  and  identified  by  means  of  its  melting- 
point,  244°.^ 

Phenyl  Triisoamyl  Arsonmni  Iodide. 

Three  grams  of  phenyl  arsineand  13  grams  of  isoamyl  iodide 
were  heated  for  six  hours  at  i40°-i5o°.  The  product  was 
first  extracted  with  benzene  and  then  with  chloroform.  The 
latter  solution  was  dried  over  calcium  chloride  and  the  chloro- 
form evaporated  on  the  water-bath.  On  cooling,  crystals 
of  the  arsonium  iodide  separated  which,  after  washing 
with  ether,  were  found  to  be  pearly  white  and  to  melt  at  163°. 
Phenyl  triisoamyl  arsonium  iodide  is  very  soluble  in  chloro- 
form and  alcohol,  but  insoluble  in  benzene,  ligroin,  ether  and 
cold  water. 

0.4487  gram  substance  gave  0.2148  gram  Agl. 

Calculated  for 
C6H5(C5H„)3AsI.  Found. 

I  25.81  25.87 

Phenyl  arsine  was  heated  with  excess  of  phenyl  iodide  for 
six  hours,  at  150°.  No  arsonium  iodide  could  be  separa- 
ted from  the  reaction-products.  Though  tetrabenzyl  arsonium 
iodide*  exists,  apparently  the  tetraphenyl  arsonium  iodide,  like 
the  corresponding  ammonium  and  phosphonium  compounds,  is 
incapable  of  formation.  Spacial  interference  perhaps  prevents 
four  phenyl  groups  and  an  atom  of  halogen  attaching  them- 
selves to  atoms  like  nitrogen,  phosphorus  and  arsenic.  This 
interference  does  not  exist  in  the  case  of  four  alkyl  or  benzyl 
groups. 

1  Ann.  Chem.  (Liebig),  207,  205. 

2  Centrbl.,  1899  (i),  p.  890. 
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The  above  investigations  were  carried  out  under  the  direc- 
tion of  the  late  Prof.  A.  W.  Palmer.  I  wish  to  express  here 
my  sincere  thanks  for  his  encouragement  and  advice  given 
during  these  researches,  which  were  fraught  with  many  ex- 
perimental difficulties. 

Urbana,  III., 
October  lo,  1904. 


THE    REACTION   BETWEEN    UNSATURATED   COM- 
POUNDS AND  ORGANIC  MAGNESIUM   COM- 
POUNDS. 

IV.     REACTIONS  WITH  ESTERS  OF  O'-PHENYI.CINNAMIC  ACID. 
By  E.  p.  Kohler  and  Gertrude  Heritage. 

Methyl  phenylcinnamate  is  the  first  of  the  unsaturated  es- 
ters, that  have  heretofore  been  studied,  to  give  perfectly  clean 
reactions  with  organic  magnesium  derivatives.  The  nature  of 
the  reaction,  however,  differs  with  different  classes  of  magne- 
sium compounds.  With  the  substances  obtained  by  dissolving 
magnesium  in  aromatic  haloids  it  always  consists,  exclusively, 
in  1,4-addition  of  the  organic  magnesium  compound  to  the  un- 
saturated ester.  The  resulting  addition-products  are  crystal- 
line and  can  be  purified  by  recrystallization  from  benzene  or 
ether.  The  substance  obtained  from  phenylmagnesium  bro- 
mide was  isolated  in  pure  condition  and  analyzed.  Unlike  the 
magnesium  compounds  that  are  obtained  from  halogen  alkyls, 
it  does  not  crystallize  with  a  molecule  of  ether. 

This  reaction  can  be  used  to  advantage  in  the  preparation  of 
certain  types  of  unsaturated  acids,  as  is  shown  by  the  ease 
with  which  triphenylacrylic  acid  was  obtained  from  phenyl- 
cinnamic  acid.  The  successive  steps  in  the  process  are  illus- 
trated by  the  following  equations  : 

CgHjCH  :  CCOOCH3  -f  C^H^MgEr     = 


CeH, 


OMgBr 
(QHJ.CHC  :  C^ 


an 


154  Kohler  and  Heritage. 

/OMgBr 
(C«H,),CH.C  :  C((  +Br,     = 


OCH, 


CeH, 


(CfiHJ^CH— CBrCOOCH,  +  MgBr,  ; 


\c.HJ,C  :  C.COOK  +  KBr  +  CH3OH  +  H,0. 


(CjHJ,CH.CBrCOOCH,  +  2KOH     = 

I 

As  it  is  not  necessary  to  purify  any  of  the  intermediate 
products,  all  of  these  reactions  can  be  carried  out  in  a  single 
morning.  The  yield  is  good — 25  grams  of  pure  triphenyl- 
acrylic  acid  from  24  grams  of  the  methyl  a-phenylcinnamate. 

The  esters  obtained  by  using  aromatic  magnesium  com- 
pounds, other  than  phenyl  derivatives,  contain  two  dissimilar 
asymmetric  carbon  atoms.  They  should,  therefore,  be  capa- 
ble of  existing  in  two  inactive  stereoisomeric  modifications. 
Two  isomeric  esters  were  obtained  with  a-naphthylmagnesium 
bromide,  but  as  they  gave  the  same  acid  on  hydrolysis,  it  has 
not  been  possible,  thus  far,  to  prove  that  they  represent  two 
racemic  modifications. 

With  methylmagnesium  iodide  a-phenylcinnamic  ester  reacts 
like  the  esters  of  saturated  acids  and  gives  a  tertiary  alcohol, 
thus  resembling  all  other  unsaturated  esters  that  have  been 
studied. 

EXPERIMENTAL. 

Reaction  with  Phenylmagnesium  Bromide^ 
yOMgBr 
(CgH5)2CH.C  :  C<^  . — An  ethereal  solution  of  24  grams 

I         ^0CH3 
CeH, 
of  the  methyl  ester  was  added  gradually  to  a  boiling  solution 
of  2.5  grams  of  magnesium,  in  a  mixture  of  brombenzene  and 
absolute  ether.     A  crystalline  magnesium  compound  began  to 


Calculated  for 

CooHigO^MgBr. 

c 

62.94 

H 

4-53 

Mg 

5.81 
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separate  before  one-third  of  the  ester  had  been  added.  After 
addition  of  the  ester  the  mixture  was  boiled  for  half  an  hour 
longer  and  the  liquid  removed  by  inverse  filtration.  The  cr3-s- 
talline  magnesium  compound  remaining  in  the  flask  was 
washed  with  absolute  ether  and  benzene,  then  redissolved  in  a 
large  quantity  of  boiling  ether.  From  this  solution  it  crystal- 
lized, on  cooling,  in  small,  lustrous  prisms.  An  analysis  gave 
the  following  results  : 

0.2501  gram  substance  gave  0.5748  gram  CO^,  0.1080  gram 
HjO  and  0.0240  gram  MgO. 

lated  for 

Found. 

62.71 

4.80 

5-70 

Methyl  Triphenylpropionate ,  (CeHJ.CHCHCO.CHj.— In  the 

air  the  clear  crystals  of  the  magnesium  compound,  described 
above,  soon  become  opaque  and  in  the  course  of  a  day  the  en- 
tire mass  changed  into  a  thick  paste.  From  this,  chloroform 
extracts  a  compound  that  is  free  from  magnesium.  The  sub- 
stance is  easily  purified  by  recrystallization  from  absolute  alco- 
hol.    Analysis  gave  the  following  results  : 

I.  0.2002  gram  substance  gave  0.6126  gram  CO^  and  0.1135 
gram  HjO. 

II.  o.  1497  gram  substance  gave  0.4590  gram  COj  and  0.086& 
gram  H,0. 

Calculated  for  Found. 

C-H.oOo.  I.  II. 

C  83.54  83.49  83.62 

H  6.33  6.29  6.43 

The  molecular  weight  was  determined  in  boiling  acetone  '• 

K  =  lyio. 

Solvent. 
Grams. 

57.200 


Substance. 
Grams. 

Elevation  of 
boiling-point. 

Molecular 
weight. 

0.8010 
1.6400 
2.2990 

0.083 
0.167 
0.237 

322 

328 
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Calculated  for 

C22Hoo02.  Found. 

The  substance  is  methyl  triphenylpropionate.  It  crystal- 
lizes in  hard,  lustrous  plates  that  melt  at  159°.  It  is  readily 
soluble  in  chloroform  and  in  boiling  acetone,  moderately  so  in 
boiling  alcohol  and  in  ether,  insoluble  in  ligroin. 

The  phenyl  group  in  the  a-position  evidently  interferes  with 
the  ordinary  reaction  between  esters  and  organic  magnesium 
compounds  as  it  was  impossible  to  get  either  a  ketone  or  a 
tertiary  alcohol  by  boiling  an  ethereal  solution  of  methyl  tri- 
phenylpropionate with  phenylmagnesium  bromide.  This 
probably  accounts  for  the  fact  that  no  ketone  is  obtained  when 
the  unsaturated  ester  reacts  with  phenylmagnesium  bromide. 

Triphenylpropionic  acid,  (CjH5),CHCHC0,H,  was  obtained 

from  the  ester  by  hydrolysis.  The  ester  is  not  easily  hy- 
drolyzed  and  it  was  necessary  to  boil  it  with  alcoholic  potas- 
sium hydroxide  for  six  hours.  The  resulting  acid  was  puri- 
fied by  recrystallization  from  aqueous  alcohol.  The  analysis 
gave  the  following  results  : 

0.1773  gram  acid  gave  0.5367  gram  CO,  and  0.0957  gram 
H,0. 


Calculated  for 
C21H18O2. 

Found. 

c 

82.78 

82.55 

H 

6.00 

5-99 

The  acid  crystallizes  in  needles  that  melt,  without  decompo- 
sition, at  211°.  It  is  readily  soluble  in  alcohol  and  in  ether, 
sparingly  so  in  ligroin,  insoluble  in  water. 

Ethyl  triphenylpropionate  was  made  by  boiling  the  acid  for 
eight  hours  with  a  3  per  cent  solution  of  hydrochloric  acid  in 
absolute  alcohol.  It  crystallizes  in  plates  melting  at  120°. 
An  analysis  gave  the  following  results  : 

0.2320  gram  ester  gave  0.7155  gram  CO,  and  0.1393  gram 
H,0. 
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Calculated  for 

CogHooOo.  Found. 

C  83.64  84.11 

H  6.66  6.62 

The  magnesium  compound,  obtained  by  adding  phenyl- 
magnesiumbromide  to  methyl  phenylcinnamate,  rapidly  absorbs 
dry,  gaseous  hydrogen  chloride.  The  products  are  methyl  tri- 
phenylpropionate  and  magnesium  chloride  : 

/OMgBr 
(CeH5),CHC  :  C<  +  HCl     = 

I         ^0CH3 

/OH 

MgClBr  +  (C,H5),CHC  :  C< 

I         ^OCH, 
CeH, 

(CeH,),CHCHC00CH3. 

C«H, 

The  magnesium  compound  readily  reacts  with  acid  chlorides 
but  not  with  methyl  iodide.  A  solution  of  4  grams  of  acetyl 
chloride,  in  absolute  ether,  was  added,  gradually,  to  10  grams 
of  the  magnesium  compound,  suspended  in  the  same  liquid. 
The  substances  combined  at  the  ordinary  temperature.  As 
soon  as  all  the  acid  chloride  had  been  added,  the  ethereal  layer 
was  removed  and  washed  with  water  until  free  from  acetyl 
chloride.  On  evaporating  the  ether  the  product  separated  as 
a  solid.  This  was  purified  by  recrystallization  from  absolute 
alcohol.  It  is  deposited  in  plates  that  melt  at  75°.  An  analy- 
sis gave  the  following  results  : 

0.1596  gram  substance  gave  0.5907  gram  CO,  and  0.1048 
gram  HjO. 


Calculated  foi 

C04H22O3. 

Found. 

c 

80.44 

81.12 

H 

6.14 

5-91 

The  analytical  results  show  that  the  substance  has  an  acetyl 
group  in  place  of  a  magnesium  bromide  residue.  It  is  easily 
hydrolyzed;  when   boiled   either  with  dilute  acids  or  dilute 
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bases,  acetic  acid  goes  into  solution  and  the  solid  methyl  tri- 
phenylpropionate  remains  behind.  The  substance  is,  there- 
fore, an  acetate  formed  according  to  the  equation  : 

/OMgBr 
(CeHJ.CH.C  :  C<  +CICOCH3     = 

I         \nrTT 


CeH, 


.OCOCH 


(CeH5),CH.C  :  C<f  +  MgClBr. 


^OCH, 


CeH, 


Triphenylbrompropionic    Ester,     (C6H5)jCHCBrCOOCH3.  — 

The  magnesium  compound,  described  above,  also  readily  re- 
acts with  bromine.  Pure,  dry  bromine  was  added,  from  a 
dropping-funnel,  directly  to  the  mixture  that  had  been  ob- 
tained by  bringing  together  equivalent  quantities  of  methyl 
phenylcinnamate  and  phenylmagnesium  bromide.  The  color 
of  the  bromine  disappeared  instantly,  until  the  solution  con- 
tained I  molecule  of  bromine  for  every  atom  of  magnesium 
used  in  the  preparation  of  the  phenylmagnesium  bromide.  The 
mixture  was  then  poured  into  ice-water.  Most  of  the  product 
separated  at  once  as  a  crystalline  solid.  The  remainder  was 
obtained  by  filtering,  separating  the  ethereal  layer  and  evapo- 
rating the  ether.  The  solid  was  purified  by  solution  in  chloro- 
form and  precipitation  with  absolute  alcohol.  An  analysis 
gave  the  following  results  : 

0.1602  gram  substance  gave  0.3940  gram  CO^  and  0.0601 
gram  H,0. 


Calculated  for 

C22Hic(02Br. 

Found. 

c 

66.86 

67.07 

H 

4.05 

4.10 

The  ester  is  readily  soluble  in  chloroform  and  in  boiling  ace- 
tone, slightly  in  alcohol  and  in  ether.  It  crystallizes  in  large, 
colorless  prisms  and  melts,  with  decomposition,  at  150°- 
152°. 
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Triphenylacrylic  Acid,    iS^^^fl  :  CCO.H.— When    methyl 

I 
CeH 

triphenylbrompropionate  is  boiled  with  alcoholic  potassium  hy- 
droxide it  is  slowly  transformed  into  the  potassium  salt  of  tri- 
phenylacrylic acid.  In  order  to  get  a  product  that  was  free  from 
bromine  and  completely  soluble  in  water  it  was  necessary  to  boil 
for  three  hours.  The  reaction  is  a  very  clean  one.  The  crude  acid, 
precipitated  by  acidifying  the  aqueous  solution  remaining  after 
distilling  oflE  the  alcohol,  was  colorless  and  melted  at  210°  to 
211°.  After  one  crystallization  from  alcohol  it  melted  at 
213" — the  melting-point  of  pure  triphenylacrylic  acid.  The 
acid  is  identical  with  that  obtained  by  V.  Meyer  and  Stahl  by 
condensing  benzophenone  chloride  with  phenylacetic  acid,  as 
it  gives  brilliant  red  crystals  of  diphenylindone  when  heated  at 
200°  with  zinc  chloride. 

Reaction  with  Orthotolylmagnesium  Bromide. 


Methyl  Tolyldiphenylpropionate,  XH.CHCOOCH3.— 

/  I 


C,H, 
Equivalent  quantities  of  the  reagents  were  brought  together 
as  described  under  the  reaction  with  phenylmagnesium  bro- 
mide. The  addition-product  separated  from  the  liquid  in 
colorless  crystals.  The  ester,  obtained  by  decomposing  the 
magnesium  compound  with  water,  was  purified  by  crystalliza- 
tion from  a  mixture  of  alcohol  and  acetone.  It  is  deposited  in 
hard,  lustrous  plates  melting  at  150°.  An  analysis  gave  the 
following  results  : 

0.1743  gram  substance  gave  0.5337  gram  CO,  and  0.1054 
gram  HjO. 


Calculated  for 
C23H22O2. 

Found. 

c 

H 

83-63 

6.66 

83-57 
6.71 

As  the  ester  contains  two  dissimilar,  asymmetric  carbon  atoms 
it  is  capable  of  existing  in  two  inactive  stereoisomeric  modifica- 
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tions.  We  examined  the  mother-liquors  carefully  but  failed 
to  find  a  second  product  of  the  reaction. 

Tolyldiphenylpropionic  acid,  ^CHCHCOOH,   obtained 

CeH/  I 

by  saponifying  the  ester  with  alcoholic  potash,  was  purified  by 
recrystallization  from  aqueous  alcohol.  It  melts  at  190°  and 
is  deposited  in  long  needles.  The  analysis  gave  the  following 
results  : 

0.1681   gram  substance  gave  0.5140  gram  COjando.1014 
gram  HjO. 

Calculated  for 

C22H20O2.  Found. 

C  83.54  83.39 

H  6.33  6.70 

Reaction  with  a-Naphthybnagnesium  Bromide. 

Methyl  Naphthyldiphenylpropionate ,  ^CH— CHCOOCH,. 

CeH/  I 

CeH, 

— The  substances  were  brought  together  in  boiling  ethereal  solu- 
tion. The  addition-product  separated  as  a  colorless  oil  that 
solidified  on  cooling.  When  this  solid  was  decomposed  with 
dilute  hydrochloric  acid  it  gave  a  mixture  of  esters  that  was 
extremely  difficult  to  separate.  The  best  results  were  ob- 
tained as  follows  :  The  liquid,  in  which  the  addition-product 
from  25  grams  of  methyl  phenylcinnamate  was  suspended  as 
an  oil,  was  diluted  to  a  liter  with  ordinary  ether  and  imme- 
diately poured  into  iced  hydrochloric  acid.  The  ethereal  layer 
was  removed  and  shaken  with  cold  water  until  a  solid  began 
to  deposit  as  a  hard  crust  on  the  walls  of  the  separating-fun- 
nel.  The  liquids  were  then  allowed  to  stand  without  further 
shaking  until  the  amount  of  solid  no  longer  increased — from 
eighteen  to  twenty-four  hours.  The  solid  consisted  mainly  of 
the  higher  melting  ester  which  was  obtained  pure  by  several 
recrystallizations  from  a  mixture  of  ethyl  acetate  and  alcohol. 
The  analyses  show  that  it  is  a  methyl  naphthyldiphenylpro- 
pionate. 


Calculated  for 

C26H02O2. 

c 

85.26 

H 

6.00 
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I.  0.1070  gram  substance  gave  0.3322  gram  CO,  and  0.0592 
gram  H^O. 

II.  o.  1667  gram  substance  gave  0.5220  gram  COj  and  0.0905 
gram  H^O. 

Found. 
I.  II. 

84.95  85.07 

6.15  6.03 

The  ester  melts  at  170°,  is  readily  soluble  in  chloroform, 
acetone  and  ethyl  acetate,  slightly  so  in  alcohol,  ether  and 
boiling  ligroin.  It  crystallizes  in  small,  lustrous  pyramids  or 
prisms. 

The  ethereal  solution,  from  which  this  ester  had  separated, 
■contained  some  more  of  the  same  substance,  mixed  with  a 
lower  melting  ester,  some  dinaphthyl  and  a  small  quantity  of 
naphthalene.  The  last  two  were  removed  by  evaporating  the 
ether  and  repeatedly  extracting  the  residue  with  cold  alcohol. 
A  partial  separation  of  the  esters  was  effected  by  careful  re- 
crystallization  from  a  mixture  of  ethyl  acetate  and  alcohol. 
The  lower  melting  derivative  was  finally  obtained  in  perfectly 
pure  condition  by  recrystallization  from  boiling  absolute  alco- 
liol.  The  following  analyses  show  that  it  is  isomeric  with  the 
higher  melting  ester  : 

I.  o.  1 1 15  gram  substance  gave  0.3480  gram  CO^  and  0.0605 
gram  H,0. 

II.  0.1227  gram  substance  gave  0.3825  gram  COj  and  0.0666 
gram  HjO. 


Calculated  for 

Found. 

CneHjoOj. 

I. 

II. 

c 

85.20 

85.29 

85.01 

H 

6.00 

6.03 

6.05 

This  compound  melts  at  128°  and  is  considerably  more  solu- 
ble in  organic  solvents  than  its  isomer  (m.  p.  170°),  dissolving 
readily  in  acetone,  chloroform,  ethyl  acetate  and  boiling  alco- 
Tiol,  moderately  in  cold  alcohol  and  in  ether.  It  crystallizes 
in  large  lustrous  prisms. 

Naphthyldiphenylpropionic  acid,  like  orthotolyldiphenylpro- 
pionic  acid,  has  two  unequal,  asymmetric,  carbon  atoms,  and 
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is,  consequently,  capable  of  existing  in  two  inactive  modifica- 
tions. The  two  esters  described  above  may,  therefore,  be 
stereoisomers,  but,  if  they  are,  the  component  acids  are  mutu- 
ally transformed  more  easily  than  is  usually  the  case  with  sub- 
stances that  bear  this  relation  ;  although  neither  ester  could 
be  converted  into  its  isomer  by  heating,  the  two  invariably 
gave  the  same  acid  on  hydrolysis. 

NaphthyldiphenylpropionicAad,  ^CHCHCOOH.— Nei- 


an. 


CeH, 


ther  of  the  esters  yields  the  acid  easily.  Each  of  them  was 
hydrolyzed  by  allowing  a  solution  in  concentrated  alcoholic 
potassium  hydroxide  to  stand  for  some  weeks  at  the  ordinary 
temperature,  by  boiling  for  six  hours  with  alcoholic  potassium 
hydroxide,  or  by  heating  at  1 50°,  with  concentrated  hydrochloric 
acid,  in  sealed  tubes.  The  same  acid  was  obtained  in  every  ex- 
periment— a  substance  crystallizing  in  short,  thick  needles, 
melting  at  171°.  The  acid  was  purified  from  aqueous  alcohol. 
Analysis  gave  the  following  results  : 

0.1388  gram  substance  gave  0.4331  gram  CO,  and  0.0712 
gram  H,0. 


Calculated  for 

CosHooOo. 

Found. 

c 

85-23 

85.01 

H 

5-68 

5-70 

This  acid,  apparently,  corresponds  to  the  lower  melting 
ester,  as  only  this  one  is  obtained  when  the  acid  is  boiled, 
during  eight  hours,  with  3  per  cent  solution  of  hydrochloric 
acid  in  methyl  alcohol. 

Reaction  with  Methylmagnesium  Iodide. 

Dipkenylmethyl Butenol,  C^n.CK  :  C.C— OH  .  —Although, 

as  shown  above,  the  phenyl  group  in  the  or-position  undoubtedly 
interferes  with  the  reaction  between  an  ester  and  phenylmagne- 
sium  bromide,  it  seems  to  have  no  effect  on  that  between  an  ester 
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and  methylmagnesium  iodide.  The  sole  product  of  the  reaction 
between  this  substance  and  methyl  or-phenylcinnamate  is, the 
magnesium  derivative  of  a  tertiary  alcohol.  The  experiment 
was  tried  at  various  temperatures,  between  the  one  given  by  an 
efficient  freezing-mixture  and  that  of  boiling  benzene,  without 
any  difference  in  the  result.  The  product,  isolated  in  the  usual 
way,  is  a  solid,  melting  at  68°.  It  was  purified  by  recrystalliza- 
tion  from  a  mixture  of  ether  and  ligroin.  The  analyses  gave 
the  following  results  : 

I.  0.1772  gram  substance  gave  0.5562  gram  COj  and  0.1227 
gram  H^O. 

II.  o.  1608  gram  substance  gave  0.5050  gram  COj  and  o.  i  loi 
gram  H,0. 


Calculated  for 

Foil 

md. 

C17H18O. 

I. 

II. 

c 

85-71 

85.60 

85.65 

H 

7-56 

7-75 

7.60 

The  substance  liquefies  when  brought  in  contact  with  a  small 
quantity  of  alcohol.  It  is  readily  soluble  in  acetone  and  ether, 
moderately  so  in  low-boiling  ligroin.  It  crystallizes  from  ether 
in  thin  plates,  from  ligroin  in  long  flat  needles.  The  presence 
of  the  hydroxyl  group  was  established  by  the  method  of 
Tzugaiefif ;  the  substance  instantly  decomposes  a  solution  of 
methylmagnesium  iodide,  with  evolution  of  an  inflammable 
gas.  The  presence  of  the  double  union  is  shown  by  the  ease 
with  which  the  compound  is  oxidized  by  alkaline  permanga- 
nate. The  oxidation  was  carried  out  at  the  ordinary  tempera- 
ture, but  the  only  products  obtained  were  benzoic  acid  and 
acetic  acid  : 

■C,H,CH  :  C.C— OH    +  80     = 


CeH, 


2C6H5CO,H  +  CH,COOH  +  CO,  +  H,0. 


The  alcohol  does  not  combine  with  bromine  and  no  bromine 
•derivative  is  obtained  when  the  magnesium  compound,  cor- 
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responding  to  the  alcohol,  is  treated  with  bromine  before  it  is 
decomposed  with  water. 

Chemical  Laboratory, 

Bryn  Mawr  College, 

October,  1904. 


FORMATION  OF  ACIDS  BY  ENZYMES. 

By  J.  K.  Hinkins. 

It  has  been  shown  that  nuclein,  leucine,  xanthine  and  many- 
volatile  fatty  acids,  together  with  acid  phosphates  and  bicar- 
bonates,  are  present  in  small  quantity  in  normal  saliva.  The 
quantities  vary  very  greatly  with  the  individual  and  probably 
also  depend  on  the  age  and  state  of  health,  because,  in  abnor- 
mal constitutional  conditions,  the  usual  proportions  may  be 
greatly  increased. 

The  r61e  of  the  ptyaline  in  the  generation  of  these  organic 
acids  must  be  very  important,  as  the  saliva  contains  a 
large  number  of  substances  that  give  rise  to  acids  when  hy- 
drolyzed  by  the  enzymes.  Constitutional  changes  tending  to 
cause  the  enzymes  to  become  especially  abundant  naturally,  re- 
sult in  the  saliva  becoming  more  markedly  acid,  unless  there 
are  counteracting  influences. 

The  following  experiments  show  how  relatively  large  is  the 
production  of  acids  by  enzymes  : 

Glucose  (40  grams)  and  acetic  anhydride  (120  grams)  were 
heated  on  a  water-bath  half  an  hour,  to  dissolve  the  glucose. 
The  solution  was  then  poured  into  250  cc.  of  hot  water,  evapo- 
rated to  about  one-third  of  its  original  volume,  neutralized 
with  N/KOH  solution  and  diluted  to  i  liter.  Two  hundred 
and  fifty  cc.  of  this  solution,  together  with  50  cc.  of  i  per  cent 
bouillon,  were  treated  with  5  grams  of  ptyaline  or  pancreatin. 
The  liquids  were  placed  in  an  ice-box,  a  check  was  kept  on  the 
original  triacetyl  glucose  solution  and  all  of  them  were  main- 
tained sterile  by  means  of  toluene  and  thymol. 
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Pty aline  Solution. 


Time  in  days. 

N/lo 
for 

1  KOH  required 
10  cc.  solution. 

N/io  KOH  required 

for  original  tnacetyl 

glucose  solution. 

cc. 

cc. 

0 

.    . 

2.50 

5 

7-50 

3.00 

9 

8.50 

3-50 

17 

11.00 

4.00 

26 

13.00 

4.60 

32 

13.90 

4-75 

Enzyme  Filtered  Out. 

40 

13-75 

5-50 

Pancreatin  Solution. 

Time  in  days. 

N/io 
for 

KOH  required 
10  cc.  solution. 

N/io  KOH  required 

for  original  triacetyl 

glucose  solution. 

cc. 

cc. 

0 

.     . 

2.50 

5 

8.00 

3.00 

9 

9.00 

3-50 

17 

12.00 

4.00 

26 

14.50 

4.60 

32 

14.84 

4-75 

Enzyme  Filtered  Out. 

40 

14-75 

5-50 

In  order  to  learn  the  combined  effect  of  bacteria  and  en- 
zymes on  the  peptone  sohition,  both  of  the  above  liquids,  con- 
taining pancreatin  and  ptyaline,  were  treated  with  cultures  of 
bacteria  taken  from  the  mouths  of  individuals  having  severe 
cases  of  tooth  erosion.  The  solutions  were  kept  at  37°,  the 
body  temperature,  and  titrated  at  intervals.  It  will  be  seen 
from  the  following  tables  that,  even  in  a  shorter  time,  the  pres- 
ence of  the  bacteria  causes  a  rise  in  acidity  : 


Ptyaline  Solutio7i. 


Time  in  days. 


N/io  KOH  for  lo  cc. 
solution. 


6 

14 
21 


9-50 
12.00 

13-75 
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Pancreatin  Solution. 

yilio  KOH  for  10  cc. 
Time  in  days.  solution. 

cc. 

6  11.25 

14  16.50 

21  19.00 

After  filtration  from  the  enzyme  the  solutions  mentioned  on 
page  165  resembled  bacteria-free  saliva  in  composition,  dif- 
fering only  in  being  a  little  more  acid.  Portions  of  these  solu- 
tions were  treated  with  pellets  of  Harvard  cement,  which  had 
been  made  as  usual  for  teeth-fillings  and  had  set,  and  also  with 
the  finely  powdered  material,  obtained  by  grinding  up  other 
pellets.  The  solutions  were  allowed  to  stand  several  days, 
at  0°,  and  the  loss  in  weight  of  the  cement  was  then  deter- 
mined.    The  following  data  were  obtained  : 

Pty aline  Solution. 


Time. 
Days. 

Volume  of 
ptyaline  solution, 
cc. 

Weight  of 

cement. 

Gram. 

I<oss. 
Gram. 

0 

50 

0.6793  (pellet) 

8 

50 

0.6505 

0.0288 

0 

50 

1. 000    (powdered) 

8 

50 

0.927 

0.0730 

Pancreatin  Solution. 

Time. 
Days. 

Pancreatin 

solution. 

cc. 

Weight  of  cement. 
Gram. 

Loss. 
Gram. 

0 

50 

0.5767  (pellet) 

8 
0 

50 
50 

0.5400 

1. 000    (powdered) 

0.0367 

8 

50 

0.860 

0,140 

From  the  above  tables  it  is  very  evident  that  the  solutions 
made  acid  by  enzymes  can  readily  dissolve  the  Harvard  ce- 
ment, the  more  rapidly  the  greater  the  acidity  of  the  .solution. 

The  following  results  show  that  the  acidity  of  the  saliva  of 
individuals  with  marked  erosion  of  the  teeth  is  much  greater 
than  that  of  those  not  .soafiected.  The  mouth  was  thoroughly 
cleaned  with  a  tooth-brush  and  dilute  alcohol  ;  the  saliva  was 
then  collected  as  rapidly  as  possible,  kept  cold  with  ice  and  ti- 
trated at  once  when  10  cc.  had  been  obtained. 
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K/io  KOH  for 

10  cc.  saliva. 

cc. 

Case  I.     No  erosion  0.34 

"     2.     Slight  erosion  0.70 

"     3.     Decided  erosion  for  twelve  years  1.32 

"     4.  "  "        "    two  years  1.40 

"     5,     Very  decided  erosion  for  three 
years,  extending  from  molar 

to  molar  1.94 

Conclusions. 

1.  Solutions  of  triacetylglucose  are  made  acid  by  the  action 
of  certain  enzymes. 

2.  The  acidity  is  increased  by  the  simultaneous  presence  of 
bacteria. 

3.  Such  acid  solutions  readily  dissolve  cements  employed  for 
tooth  fillings. 

4.  The  abnormal  increase  in  the  acidity  of  the  saliva  of  per- 
sons suffering  from  tooth  erosion  is  probably  due  to  the  resolu- 
tion of  certain  constituents  of  the  saliva  by  enzymes. 

Chicago,  September  i,  1904. 


Contributions  from  the  Chemical  Laboratory  of  Harvard  College. 

ON  THE   DISSOCIATION  OF   PHENOQUINONE  AND 
QUINHYDRONE.' 

By  Henry  A.  Torrey  and  H.  Hardenbergh. 

The  fact  that  phenoquinone,  which  in  the  solid  state  is  red 
and  quinhydrone,  which  is  green,  both  dissolve  in  organic  sol- 
vents, with  the  formation  of  a  yellow  solution,  is  highly  sug- 
gestive of  the  idea  that,  in  dissolving,  they  have  become 
dissociated  into  quinone  and  phenol  and  quinone  and  hydro- 
quinone,  respectively. 

Molecular  weight  determinations  in  benzol  have  shown  this 
to  be  the  case.  For  a  long  time  it  has  been  recognized  that 
these  two  substances  are  very  unstable;  that  they  are  easily 
decomposed  by  acids  or  alkalies.     Hesse^  says  that  quinhydrone 

1  A  number  of  years  ago  some  preliminary  work  on  the  dissociation  of  pheno- 
quinone and  quinhydrone  was  done  by  one  of  us  and  Mr.  G.  S.  Brand  at  the  Univer- 
sity of  Vermont. 

'  Ann.  Chem.  (t,iebig),  200,  248. 
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is  somewhat  decomposed  by  boiling  chloroform  and  Clark*  ob- 
serves that  all  solvents  dissociate  it  to  some  extent.  Biltris,'  in 
connection  with  the  study  of  the  preparation  of  some  compounds 
of  this  nature,  found,  by  molecular  weight  determinations, 
that/>-cresophenoquinone,  a  mixed  phenoquinone,  is  dissociated 
in  benzol  and  that  ordinary  phenoquinone  and  quinhydrone  un- 
dergo the  same  change  in  ether.  These  articles  did  not  come  to 
our  attention  until  after  our  own  work  was  completed,  but  the 
results  which  we  give,  although  confirmatory  of  Biltris's  work, 
do  not  cover  the  same  ground.  Much  of  our  time  was  spent  in 
attempting  to  show  a  reassociation  of  the  products  of  dissocia- 
tion, by  the  addition  of  one  of  the  dissociation-products,  thus 
proving  the  nature  of  this  dissociation. 

Preparatioji  of  the  Material. 

The  quinone  used  in  the  investigation  was  purified  by  crys- 
tallization from  ligroin  and  the  hydroquinone  by  crystallization 
from  water.  The  phenol  was  distilled  fractionally  and  that 
fraction  coming  over  at  i8o°-i8i°  was  used.  The  pheno- 
quinone was  made  by  adding  two  molecules  of  phenol,  dis- 
solved in  purified  ligroin,  to  one  molecule  of  quinone  in  the 
same  solvent.  The  phenoquinone  separated  out  in  beautiful 
red  crystals,  which  were  carefully  washed  with  ligroin.  It 
was  not  found  advantageous  to  attempt  to  recrystallize  the 
product.  In  this  connection  it  may  be  interesting  to  note  that 
phenoquinone  is  formed  at  the  ordinary  temperature,  when  the 
vapors  of  phenol  and  quinone  are  allowed  to  come  in  contact. 
If,  for  example,  two  test-tubes,  containing,  respectively,  phenol 
and  quinone,  are  connected  by  a  bulb-tube,  red  crystals  of 
phenoquinone  will  appear  in  the  bulb  and  connecting-tube. 

In  the  preparation  of  quinhj'drone  it  was  found  advantageous 
to  mix  ethereal  solutions  of  quinone  and  hydroquinone,  in 
molecular  proportions,  rather  than  to  oxidize  hydroquinone 
with  ferric  chloride,  as  the  product  obtained  by  the  latter 
method  was  likely  to  contain  iron. 

The  benzol  was  purified  by  shaking  thoroughly  with  concen- 

1  This  Journal,  14,  574. 

2  Acad.  Roy.  d.  Belgique  [3],  32,  300  ;  35,  60. 
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trated  sulphuric  acid.  It  was  then  allowed  to  stand,  first  over 
sodium  carbonate,  then  over  calcium  chloride  and  finally  was 
completely  dried  with  metallic  sodium. 

Dissociation  of  Phenoquino7ie  and  Quinhy  drone. 

The  determination  of  the  molecular  weights  of  phenoquinone 
and  quinhydrone,  in  benzol,  were  carried  out  by  the  regular 
boiling-  and  freezing-point  methods.  Phenoquinone  was  first 
and  most  thoroughly  studied,  but  before  undertaking  the  in- 
vestigation of  the  condition  of  this  substance,  the  molecular 
weights,  in  benzol,  of  phenol  and  quinone,  its  two  dissociation- 
products,  were  determined.  The  molecular  weights  are  calcu- 
lated from  the  well-known  formula,  M  =  — r— ■. 

In  the  tables  given  below  the  concentration  is  given  in  grams 
of  dissolved  substance  in  100  grams  of  the  solvent.  The  first 
determinations  were  made  by  the  boiling-point  method. 

Molecular  Weight  of  Phenol  in  Benzol  by  the  Ebullioscopic  Method. 


w. 

J. 

X. 

K. 

M. 

100 

1-1635 

0.306 

26.7 

102 

.  . 

2.4023 

0.620 

.  . 

104 

.  . 

4.0857 

1.009 

.  . 

108 

' 

5-5599 

1.320 
II. 

• 

112 

100 

1.5788 

0.402 

26.7 

105 

.  . 

3-6347 

0.885 

120 

.  . 

6.8754 

1. 516 

.  . 

118 

•   • 

10.1402 

2.215 
III. 

• 

122 

100 

1. 7681 

0.459 

26.7 

103 

.  . 

4.1897 

1. 016 

no 

.  . 

8.0288 

1.826 

.  . 

117 

.  . 

13.0903 

2.801 

.  . 

125 

As  the  molecular  weight  of  phenol  is  94,  it  is  evident  that 
phenol  is  somewhat  polymerized  at  the  boiling-point  of  benzol. 
The  results  of  Beckmann,^  Auwers^  and  others,  obtained  by 


^  Z.  physik.  Chem.,  2,  715. 
^  Ibid.,  12,  696. 
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cryoscopic  methods,  show  that  the  phenol  is  polymerized  even 
at  low  concentrations  and  that  this  polymerization  increases 
with  the  concentration.  We  made  some  determinations  by  this 
method  because  it  was  desirable  to  know  the  molecular  weight 
of  phenol  at  as  many  concentrations  as  possible  for  the  study 
of  the  action  of  the  dissociation-products  on  phenoquinone. 

Molecular  Weight  of  Phenol  by  the  Cryoscopic  Method. 

I. 


w. 

J. 

X. 

K. 

M. 

I  GO 

1-1715 

0.344 

49 

167 

.  . 

2.0831 

0.610 

. 

168 

•  » 

3.0401 

0.862 

. 

173 

•  • 

4.6250 

1-234 
II. 

• 

183 

ICO 

1. 9441 

0.595 

49 

160 

,  . 

4.7603 

1.361 

, 

171 

.  . 

8.6830 

2.248 

. 

189 

•  • 

11.8323 

2.855 
III. 

• 

203 

ICO 

1. 1874 

0.376 

49 

155 

•   • 

6.0981 

1.686 

. 

177 

•   • 

8.29II 

2. 181 

. 

186 

.  . 

13-1507 

3.109 

. 

207 

Molecular  Weight  of  Quinone  by  the  Ebullioscopic  Method. 

I. 


w. 

i. 

X. 

K. 

M. 

100 

0.6419 

O.161 

26.7 

106 

.  . 

1.5302 

0.360 

.  . 

114 

.  . 

2.1083 

0.466 

.  . 

121 

■ 

2.6102 

0.577 
II. 

•     * 

121 

100 

1.0029 

0.245 

26.7 

109 

.  . 

3.1760 

0.732 

.  . 

117 

.  . 

6.7831 

1.538 

.  . 

118 

.  . 

9-5189 

2.080 

.  . 

122 
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III. 


W.                           s. 

X. 

K. 

M. 

100                  2.7023 

0.640 

26.7 

112 

.     .                   4-1352 

0.955 

.     . 

116 

.     .                   6.8541 

1. 561 

.     . 

117 

.     .                   9-1456 

2.077 

118 

The  average  of  all  these  determinations  is  116. 

Molecular  Weight  of  Quinone  by  the  Cryoscopic 

Method. 

W.                            s. 

X. 

K. 

M. 

100               1.3652 

0.648 

49 

104 

•    .               3-7575 

1-734 

. 

106 

•   .               5-7099 

2.608 

. 

104 

Average,     105 

The  cryoscopic  determinations  agree  with  those  of  Auwers,^ 
which  show  that  the  molecular  weight  of  quinone  is  not  af- 
fected by  the  concentration. 

The  determinations  of  the  molecular  weight  of  phenoquinone, 
as  given  below,  show  that  it  is  highly  dissociated  in  benzol,  as 
Biltris  had  already  found  it  to  be  in  ether. 

Molecular  Weight  of  Phenoquiyione  by  the  Ebullioscopic  Method. 


w. 

s. 

X. 

K. 

M. 

100 

1-2365 

0.317 

26.7 

109 

.    . 

2.7037 

0.657 

.     . 

IIO 

.    . 

4-3726 

1033 

113 

.    . 

6-5794 

1.468 

120 

Molectdar  Weight  oj  Phenoqtdnone  by  the  Cryoscopic  Method. 

I. 


w. 
100 


100 


5. 

X. 

K. 

M. 

0.3407 
0.9674 

1-9577 
3-3345 

0.137 
0.367 

0.700 
1. 126 

II. 

49 

121 
129 
137 
145 

1.1310 

2.8953 
3.8622 

0.393 
0.959 

I. 211 

49 

141 
148 
153 

Although  the  above  molecular  weights  found  for  phenoquinone 

1  Loc.  cil. 
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are  larger  than  its  molecular  weight,  296,  by  one-third, 
this  does  not  show  incomplete  dissociation,  as  the  phenol, 
which  would  be  formed  on  dissociation,  is  somewhat  polymerized 
in  the  solvent  used.  The  actual  degree  of  dissociation  could 
be  arrived  at  by  employing  the  following  formula  : 

in  which  y  is  the  degree  of  dissociation,  /  the  actual  elevation, 
/q  the  theoretical  elevation  or  depression,  provided  there  were 
no  dissociation,  and  t^  the  elevation  or  depression  that  would 
be  caused  by  complete  dissociation.  In  obtaining  t^  the  actual 
amounts  of  phenol  and  quinone  in  a  given  weight  of  pheno- 
quinone  are  calculated  and  the  molecular  weights  correspond- 
ing to  these  concentrations  are  used  instead  of  the  values  94 
and  108  and  from  these  actual  molecular  weights,  t^  is  calcu- 
lated on  the  basis  of  complete  dissociation. 

The  table  below  gives  the  elevation  of  the  boiling-point,  or 
the  depression  of  the  freezing-point,  due  to  phenol  alone  and  to 
quinone  alone,  provided  the  phenoquinone  were  completely 
dissociated,  the  sum  of  these  two  values,  which  is  /,,  and,  in 
the  last  column,  the  actual  change  produced  by  phenoquinone 
itself,  which  is  /. 

The  molecular  weights  of  phenol  for  the  different  concentra- 
tions are  taken  from  the  results  already  given,  or  from  the 
work  of  Auwers  or  Beckmann,  either  directly,  by  interpola- 
tion, or  by  taking  averages.  It  will  be  seen  that  the  actual 
rise,  A  is  nearly  equal  to  that  calculated  for  complete  dissocia- 
tion, /j. 

By  the  cryoscopic  method  Auwers  found  143  to  164  as  the 
molecular  weight  of  phenol,  in  concentrations  ranging  from 
0.51  to  3.93  per  hundred  and  Beckmann  144  to  252  in  con- 
centrations 0.337  to  26.77  P^r  hundred. 

Although,  from  the  nature  of  the  case,  it  can  hardly  be 
doubted  that  the  dissociation-products  are  quinone  and  phenol, 
this  was  shown  to  be  the  fact  by  the  ease  with  which  pheno- 
quinone is  ' '  salted  out' '  from  solution  by  the  addition  of 
either  of  these  substances  in  excess  of  the  solubility-product. 
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The  solvent  chosen  was  ligroin,  on  account  of  the  rather  low 
solubility  of  phenoquinone  in  that  liquid.  A  saturated  solu- 
tion was  prepared  and  a  weighed  quantity  of  phenol  added. 
The  separation  of  the  phenoquinone  was  considerable,  but  not 
proportional  to  the  phenol  added  ;  no  attempt  was  made  to  get 
very  accurate  quantitative  results.  Volume  of  solution  used, 
25  cc.  ;  weight  of  phenol  added,  0.0500  gram  ;  weight  of 
phenoquinone  precipitated,  0.0340  gram.  Of  course  the 
phenol  is  by  no  means  all  present  in  the  monomolecular  con- 
dition. 

The  action  of  the  dissociation-products  on  dissolved  pheno- 
quinone was  next  studied  by  cryoscopic  and  ebullioscopic 
methods.  If  the  dissociation  is  hindered  by  the  addition  of 
either  phenol  or  quinone,  it  should  be  indicated  by  the  freez- 
ing- or  boiling-point  of  the  solution,  provided  this  hindrance 
is  not  too  slight,  for  the  elevation  or  depression  produced  by 
the  addition  of  phenol,  say,  to  a  solution  of  phenoquinone, 
should  be  somewhat  less  than  that  calculated  for  the  weight  of 
phenol  added. 

That  reassociation  of  the  quinone  and  phenol  apparently  does 
take  place  when  phenol  is  added  is  shown  in  the  table  given 
below.  In  the  first  horizontal  column  are  given  the  data  from 
phenoquinone  itself.  The  vertical  columns,  VI.  and  VII,, 
show  the  rise  which  should  be  due  to  phenol  and  quinone,  re- 
spectively, on  the  facts  of  complete  dissociation  ;  in  column 
VIII.  the  sum  of  these  two  values  ;  and  in  column  IX.  tlie 
actual  rise.  The  rise  due  to  phenol  is  calculated  from  the 
molecular  weight  as  actually  found,  either  directly  or  by  interpo- 
lation, for  the  concentration  in  question  and  not  from  the  molecu- 
lar weight  94.  The  molecular  weight  115,  the  average  of  a 
number  of  determinations  already  given  above,  is  used  for 
quinone. 

It  will  be  observed  that  the  actual  rise  is  always  less,  and  in- 
creasingly so,  than  the  sum.  The  difference  is,  however,  not 
very  great.  The  solution  became  redder  as  the  phenol  was 
added. 

The  freezing-point  method  (Table  III.)  gave  similar  re- 
sults. 
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Similar  results  were  also  obtained  when  quinone,  the  other 
dissociation-product  (Table  IV.),  was  added. 

In  the  above  table  the  molecular  weight  of  quinone  is  taken 
as  104,  although  determinations  were  not  made  at  such  high 
concentrations  ;  further,  it  will  be  noticed  that,  on  the  last  ad- 
dition of  quinone,  the  difference  between  the  actual  depression 
and  that  calculated  on  the  basis  of  complete  dissociation  is 
greater  than  could  be  accounted  for  by  complete  reassociation 
of  the  phenoquinone.  It  may  be  that  the  quinone,  the  pheno- 
quinone,  or  both,  are  somewhat  polymerized. 

Dissociation  of  Quinhy drone. 
Quinhydrone  being  much  less  soluble  in  most  media  than 
phenoquinone,  it  was  not  easy  to  find  a  suitable  solvent.  Al- 
though ethyl  acetate  dissolves  quinhydrone,  great  difficulty 
was  found  in  the  determination  of  the  dissociation  by  the  boil- 
ing-point method  and  as  the  time  was  short,  a  single  deter- 
mination was  made  in  benzol,  which,  although  the  concentra- 
tion was  very  small,  shows  that  quinhydrone  is  highly  disso- 
ciated. 

W.  s.  X.  K.  M. 

100  0.3363  0.090  26.7  100 

.    .  0.5180  0.115  .    .  120 

.    .  0.6078  0.130  .    .  125 

As  the  theoretical  molecular  weight  of  quinhydrone  is 
218  and  those  of  quinone  and  hydroquinone  108  and  no,  re- 
spectively, it  is  evident  that  quinhydrone  is  practically  com- 
pletely dissociated  in  benzol,  as  was  shown  by  Biltris  for  ether. 

Action  of  Chloroform  on  Quinhydrone. 

When  quinhydrone  is  dissolved  in  warm  chloroform  and 
then  allowed  to  cool  slowly,  a  white  substance  separates 
rather  abundantly  at  about  35°,  This  was  collected  on  a 
Gooch  crucible,  washed  with  a  little  more  chloroform  and  was 
shown  by  its  melting-point  (169°)  to  be  pure  hydroquinone. 
If  the  temperature  is  allowed  to  fall  below  35°  quinhydrone 
itself  begins  to  appear.  Like  phenoquinone,  quinhydrone  may 
be  precipitated  from  its  solutions  by  addition  of  one  of  its  dis- 
sociation-products. 
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Although  determinations  of  the  molecular  weight  of  pheno- 
quinone and  quinhydrone  were  made  in  benzol  only,  the  color 
of  solutions  of  these  substances  in  a  large  number  of  solvents 
was  observed  and  showed  the  general  dissociation  of  these 
compounds. 

Color  of  Phenoquinone  and  Quinhydrone  in    Various  Solvents. 

Solvent.  Phenoquinone.  Quinhydrone. 

Acetone  Yellow  Yellow 

Ethyl  alcohol  "  " 

Methyl     " 

Amyl 

Ether 

Toluol 

Benzol 

Chloroform 

Carbon  disulphide  "  " 

Ligroin  "  Insol. 

Ethyl  acetate  "  Yellow 

Methyl    " 

Water 

In  the  case  of  the  alcohols  the  phenol  was  dissolved  first 
from  the  phenoquinone  even  in  the  cold,  leaving  the  yellow 
quinone  behind,  which  could  then  be  brought  into  solution  by 
shaking. 

As  phenoquinone  and  quinhydrone  are  dissociated  in  organic 
solvents  it  is  evident  that  the  reactions  of  these  bodies  in  solu- 
tion could  hardly  be  relied  on  for  the  determination  of  their 
constitution  :  one  is  dealing,  in  the  one  case,  with  a  mixture  of 
quinone  and  phenol  and  in  the  other  of  quinone  and  hydro- 
quinone  ;  moreover,  any  formulas  properly  representing  the 
constitution  of  these  bodies  must  be  in  accordance  with  their 
easy  dissociation. 

Studies  are  being  made  in  this  laboratory  of  the  condition  in 
solution  of  the  compounds  discovered  by  Edeleanu  and  Euescu,^ 
which  are  formed  from  /-nitrosodimethylaniline  and  certain 
monatomic  and  diatomic  phenols,  and  are  apparently  analo- 
gous to  phenoquinone  and  quinhydrone. 

'  J.  Chem.  Sec,  70,  i,  359  (1896). 


Preliminary  Contribution  from  Johns  Hopkins  University. 

ON   THE    PINACONE-PINACOLIN    REARRANGE- 
MENT.' 

By  S.  F.  Agree. 

The  articles  by  Werner  and  Grob''  and  by  Dilthey  and  Last' 
make  it  necessary  to  write  this  notice  ;  a  more  detailed  ac- 
count of  the  work  will  appear  later. 

As  indicated  in  two  articles  recently  published/  I  have  un- 
dertaken an  exhaustive  study  of  the  pinacone-pinacolin  rear- 
rangement and  am  investigating  this  interesting  problem  from 
several  points  of  view.  In  trying  to  ascertain  the  cause  and 
mechanism  of  the  reaction,  various  classes  of  pinacones,  pinac- 
olins  and  similar  substances  are  being  made  by  the  methods 
already  outlined  and  are  being  studied  carefully. 

One  of  the  first  things  that  I  shall  trj^  to  ascertain  is  whether 
the  pinacone,  pinacolin,  or  other  similar  rearrangements,  can 
take  place  through  ring  formation,  as  first  suggested  by  Cou- 
tourier^  and  subsequently  by  Klinger  and  Lounes®  and  by  Zelin- 
sky  and  Zelikow.' 


CeH.C 


C.H,CH,(/) 


CH, 


1  This  work  was  made  possible  by  a  grant  from  the  Carnegie  Institute  of  Washing- 
I. 

2  Ber.  d.  chem.  Ges.,  37,  2887. 
«  Ibid.,  37,  2639. 

*  Ibtd.,  37,  2753,  2764. 

5  Ann.  chim.  phys.,  [6],  26,  433. 

*  Ber.  d.  chem.  Ges.,  29,  2160. 
T /did.,  34,  3249. 
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i8i 


CeH, 


CeH,CO C CeH,CH3 


CH, 


If  this  be  the  course  of  the  reaction,  a/-tolyl  group  that 
changes  its  position  from  one  of  the  g]ycol  carbon  atoms  to 
the  other  must  become  a  m-  or  c»-tolyl  group.  Likewise,  a 
migrating  o-  or  w-tolyl  radicle  might  become  a/-,  m-  or  £'-tolyl 
complex  and  a  tertiary  butyl  would  become  an  isobutyl 
group.  A  large  number  of  pinacones,  symmetrical  and  un- 
symmetrical,  will  be  rearranged  and  studied  to  learn  if,  in  any 
case,  a  change  in  the  character  of  the  migrating  group  takes 
place. 

As  directly  connected  with  this  problem,  I  am  also  investiga- 
ting the  rearrangement  of  a,a-dialkyl  dihalogen  ethanes,^ 

RjCHCHXj, 

into  tolane  derivatives,  RC=CR  and  of  the  corresponding  tri- 
chlor  compounds,  R^CH.CXj,  into  dialkylethylene.*  The  re- 
arrangement of  geometrical  isomers  of  the  following  type, 
RRiC  =  CHCl  and  similar  substances,  will  be  investigated 
with  special  care. 

1  Fritsch  :  Ann.  Chem.  (I<iebig),  279,  319. 

2  Elbs  and  Forster  :  J.  prakt.  Chem.,  39,  298  ;  47,  44.    Goldschmidt :  Ber.  d.  chem. 
Ges.,  6,  985  ;  Hepp  :  Ibid.,  7,  1409. 
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In  this  connection  the  rearrangement  of  benzil  homologues 
into  benzilic  acid  derivatives  seems  to  be  of  great  interest. 
Nef  has  recently  suggested  that  this  depends  upon  the  dis- 
sociation of  benzil  into  nascent  carbon  monoxide  and  benzo- 
phenone  ;  these  then  reunite  to  give  an  a-lactone,  which  takes 
up  water,  yielding  benzilic  acid. 

O 

(CeH,),C-0  +  0-C<    ^    (C,H,XC C=0  +  H,0    ^ 

(C,H,),C(OH)COOH. 

When  benzophenone  is  heated  at  250°  with  formic  acid, 
potassium  formate,  or  formic  ester,  no  benzilic  acid  is  pro- 
duced, although  this  should  be  the  case  if  Nef's  hypothesis 
were  correct. 

The  following  suggestion  is,  therefore,  offered  tentatively 
and  will  be  subjected  to  experimental  proof.  The  benzil  may 
unite  with  the  alkali^  to  form  a  pinacone-like  addition-product, 
which  then  rearranges  into  benzilic  acid,  somewhat  according 
to  one  of  the  two  following  schemes  : 

O  OK 

II  I 

I.  C^H.COCOQHj  +  KOH      ^      C C— C^H,         — 

CeH,r:OH 
(C,H,),C(OH)COOH. 


0  IK 

II.  C,H,COC~i-CeHj       —       C,H,COCOOH  +  QH^K      — 

1     

OH 

(C,H,),C(OK)COOH. 

The  recent  work  of  Delange'  is  in  harmony  with  the  second 
series  of  reactions.  When  benzophenone  was  heated  at  170" 
with  dried  potassium   hydroxide,  benzene,  benzoic  acid   and 

1  Ann.  Chem.  (Uebig),  335,  272. 

2  Chancel  :  Ibid.,  72,  279. 

8  Bull.  soc.  chira.,  [3],  ap,  1131. 
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triphenyl  carbinol  were  obtained.     It  is  very  probable  that 
the  action  takes  place  as  follows  : 

CeH^COCgHj  +  KOH     — 

OK  r  QH.COOH  +  CgHjK 

OH  (CeH,COOK  +  C,H, 

CeH.COCeH,  +  CeH.K    ^     (C,H,),COK. 

These  reactions  are  in  entire  harmony  with  the  views  of 
Nef^  and  with  my  own  work'  on  sodium  phenyl  and  similar 
compounds. 

In  continuation  of  my  work  on  the  preparation  of  pinacones 
by  the  addition  of  sodium  phenyl  or  phenylmagnesium  bro- 
mide to  1,2-diketones,^  I  have  prepared  dihydroxydiphenyldi- 
hydrophenanthrene,  the  corresponding  di-/-tolyl  compound  and 
dihydroxydiphenyldihydroacenaphthene,  by  the  action  of 
phenylmagnesium  bromide  on  phenanthrenequinone  and  ace- 
naphthenequinone,  respectively.  These  substances  were  rear- 
ranged into  the  corresponding  pinacolins  by  heating  with  acetyl 
chloride.  The  dihydroxydiphenyldihydrophenanthrene  (I.) 
could  rearrange  into  the  anhydride-like  a-pinacolin  (II.),  or 
into  two  /5-pinacolins — benzoylphenylfluorene  (III.),  or  di- 
phenylphenanthrone  (IV.). 

CgH^ CgH^  CgH^ CgH^ 

QH-— C C — C5H5  CjH.  — C C— CgHj 

OH     OH  O 

I.  II. 

I       >C<                                     I  i 

C,h/    ^COC.H,  QH, C(C,H,), 

III.  IV. 

When  the  dihydroxj'diphenyldihydrophenanthrene  (I.)  is 
heated  during  several  hours  with  acetyl  chloride  it  changes  into 
a  product  that  melts  at    198°  (Werner  and  Grob*  give  194°- 

1  Ann.  Chem.  (Liebig),  298r3io.      '^v,  v    _  \        \  .     ^  :-    '  ' 

*  This  Journal,  29,  58S  ;  Ber.  d.  chem.  Ges.,  37,  2753.  '  "  ■' 
3  Loc.  cit. 

*  Ber.  d.  chem.  Ges.,  37,  2903. 
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196°)  and  has  the  formula  C^gHjgO.  As  this  is  not  identical 
with  benzoylphenylfluorene^  (III.),  rn.  p.  172°,  it  must  have 
the  formula  II.  or  IV.  In  favor  of  formula  IV.  are  the  follow- 
ing facts  :  a-Pinacolins  are  ver}^  easily  oxidized  by  chromic 
acid,  in  boiling  glacial  acetic  acid,  to  the  corresponding 
ketones.  But  the  pinacolin,  m.  p.  198°,  which  I  obtain  is 
not  appreciably  affected  by  this  oxidizing  mixture  during 
thirty  minutes.  Furthermore,  when  this  pinacolin  is  heated 
with  alcoholic  potassium  hj-droxide  it  easily  yields  the  salt  of 
an  acid  which  is  most  probably  diphenylmethyl-(?,i7-phenyl 
benzoic  acid, 

(C,H,).,CHC,HAH,COOH. 

The  formation  of  this  from  the  substance  with  formula 
IV.  would  be  expected,  but  an  a-pinacolin  (II.)  would  prob- 
ably not  give  such  an  acid,  unless  a  further  rearrangement 
were  to  occur.  It  seems,  therefore,  that  both  of  these  facts 
point  decidedly  to  formula  IV.  for  the  compound.  On  the 
other  hand,  Werner  and  Grob^  believe  this  substance  to  have 
the  formula  II.,  their  chief  evidence  being  that  it  gives  9,10- 
diphenylphenanthrene  when  distilled  with  zinc  dust.  It  is 
well  known  that,  when  /?-pinacolins  are  vigorously  reduced, 
they  tend  to  rearrange  and  give  symmetrical  derivatives  and 
I  doubt  if  Werner  and  Grob  are  warranted  in  assuming  the 
formula  II.  for  the  compound. 

I  am  now  engaged  in  attempting  the  synthesis  of  this  pin- 
acolin and  of  the  acid  obtained  from  it,  from  (?-diphenic  acid  and 
by  other  means  that  should  give  definite  conclusions  as  to  its 
constitution.  I  shall  also  treat  various  derivatives  of  phenan- 
threnequinone,  acenaphthenequinone,  crysenequinone,  etc. 
with  Grignard's  reagent  and  investigate  the  rearrange- 
ment of  the  resulting  pinacones  (I.)  and  pinacolins  (IV.),  to 
see  if  the  migrating  groups  change  in  character. 

These  syntheses  have  been  further  extended  to  the  forma- 
tion of  tetralkylglycols, 

R,C(OH)(CH,);^C(OH)R„ 

by   the  action  of   Grignard's  reagent  on   1,3-,  1,4-,    1,5-dike- 

1  Klinger  and  I,ounes  :  Ber.  d.  chem.  Ges.,  ap,  2152. 
«  Ibid.,  37,  2893. 
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tones  and  on  the  esters  of  oxalic  acid,  dimethylmalonic  acid, 
succinic  acid,  tetralkylsuccinic  acids,  phthalic  acids,  etc. 
Furthermore,  I  shall  attempt  corresponding  syntheses  by 
means  of  acids  of  the  types  : 

R(CHOH);^COOH,  R(CO)^COOH, 

COOH(CO);rCOOH,  COOH(CHOH);^COOH, 

which  are  being  made  in  this  laboratory.  I  shall  try  to  cause 
all  these  substances  to  rearrange  into  the  corresponding  a-  and 
/3-pinacolins. 

In  this  connection  I  wish  to  call  attention  to  an  article  by 
Dilthey  and  Last,^  which  appeared  since  my  work  com- 
menced. They  state  that  they  obtain  /5-benzpinacolin  (VI.), 
m.  p.  182°,  by  the  action  of  phenylmagnesium  bromide  on 
oxalic  ester.  I  obtain,  by  this  reaction,  only  pure  benzpinacone, 
which  melts  at  i86°-i87°,  when  heated  alone  or  mixed  with 
a  portion  of  the  substance  made  by  another  method.  If 
/5-benzpinacolin  were  formed  in  this  reaction  it  would  be  in 
consequence  of  the  rearrangement  of  the  brommagnesium  salt 
of  benzpinacone  (V.),  which  is  produced  by  the  action  of  the 
phenjdmagnesium  bromide  on  the  oxalic  ester. 

(CeH,),C C(C,H,),     ^ 

I  I 

OMgBr  OMgBr 

V. 

(C,H,)3CC0C,H,  +  MgO  +  MgBr,. 
VI. 

The  same  salt  (V.)  is  formed  by  the  action  of  phenylmag- 
nesium bromide  on  benzil,  phenylbenzoin,  benzilic  ester 
and  benzoj'lformic  ester,"  but  from  all  these  I  have  ob- 
tained only  pure  benzpinacone  and  never  any  /?-benzpin- 
acolin.  As  Dilthey  and  Last  did  not  analyze  their  substance,  I 
feel  sure  that  they  were  dealing  with  impure  benzpinacone. 

Experiments  are  being  made  to  determine  if  these  brom- 
magnesium salts  (V.),  or  the  corresponding  sodium  salts, 
rearrange    into    the    pinacolins.       I    have    already   obtained 

1  Ber.  d.  chem.  Ges.,  37,  2639.  This  paper  was  written  before  I  saw  the  recent  ar- 
ticles of  Valeur  (Compt.  rend.,  13a,  S33  ;  136,  694  ;  139,  480)  and  Dilthey  and  Last 
(Ber.  d.  chem.  Ges.,  37,  3775)- 

'  Acree  :  Ibid.,  37,  2753. 
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/?-benzpinacolin  as  one  of  the  products  formed  by  the  distilla- 
tion of  the  salt  (V.)  at  about  400°. 

Diphenylacetic  ester  and  benzoylformic  ester  are  being  used 
for  the  preparation  of  such  substances  as  are  represented  by 
formulas  VII.  and  VIII.  I  have  also  found  that,  by  regula- 
ting the  experimental  conditions  carefully,  I  can  use  Grig- 
nard's  reagent,  with  advantage,  to  convert  benzoylformic  ester 
into  dialkyl  glycollic  esters  (IX.)  : 

(CeH,),CHC(OH)R,  C,H,RC(OH)C(OH)R, 

VII.  VIII. 

CeH5RC(OH)COOR. 

IX, 
The  work  outlined  above  will  be  continued. 

EXPERIMENTAL. 

Nearly  all  of  the  following  work  on  the  dihydroxydiphenyl- 
dihydrophenanthrene  was  completed  in  the  University  of  Ber- 
lin before  May  i,  1904  : 

1  I 

Dihydroxydiphenyldthydrophenanthrene^  OH — C COH.  — 

To  a  boiling  solution  of  phenylmagnesium  bromide  (from  40 
grams  of  brombenzene  and  7  grams  of  magnesium  turnings,  in 
50  cc.  ether)  20  grams  of  phenanthrenequinone  were  grad- 
ually added.  The  solution  was  heated  for  three  hours,  cooled, 
poured  into  cold  dilute  sulphuric  acid  and  shaken  well.  The 
ethereal  extract  was  dried  with  sodium  sulphate  and  the  ether 
distilled.  The  residue  of  dihydroxydiphenyldihydrophen- 
anthrene,  when  crystallized  from  alcohol,  weighed  25  grams. 
Proportionate  yields  were  obtained  from  smaller  quantities.  The 
substance  melts  at  i78°-i79°.     Analysis  : 

0.1745  gram  substance  gave  0.5465  gram  CO^  and  0.0952 
gram  H^O. 

1  Werner  and  Grob  :  Ber.  d.  chem.  Ges.,  37,  2902. 


Pinacone-Pinacolin  Rearrangement.  187 

Calculated  for 

C20H20O0.  Found. 

C  85.67  85.41 

H  5.55  6.06 

When  I  gram  of  the  above  substance  was  boiled  for  thirty- 
minutes,  in  50 cc.  glacial  acetic  acid,  containing  0,3  gram  chromic 
acid  and  water  subsequently  added  to  the  solution,  a  precipitate 
of  0.85  gram  of  ^-dibenzoyldiphenyl^  was  obtained.  This 
melted  at  163°-!  65°  and  when  recrystallized  once  from  gla- 
cial acetic  acid  at  165°.     Analysis  : 

0.1483  gram  substance  gave  0.4678  gram  CO^  and  0.0702 
gram  H,0. 

Calculated  for 

CoeHigOo.  Found 

C  86.14  86.03 

H  5.02  5.14 

QH, CO 

Diphenylphenanthrone ,^    \  \  . — Twenty  grams 

C,H, C(C,H,), 

of  the  above  pinacone  were  heated,  under  a  return  condenser, 
with  40  grams  of  acetyl  chloride,  during  six  hours.  The  acetyl 
chloride  was  distilled  off  and  about  19  grams  of  the  y^-pin- 
acolin  were  obtained.  It  melted  at  i95°-i98°  and,  when  crys- 
tallized once  from  glacial  acetic  acid,  at  198°.  This  melting- 
point  was  not  changed  by  repeated  recrystallization  from  the 
same  solvent  (Werner  and  Grob  give  i94°-i96°). 

Two  grams  of  the  compound,  in  100  cc.  glacial  acetic  acid, 
were  boiled  with  0.4  gram  chromic  acid,  for  one-half  hour, 
under  a  return  condenser.  Water  was  added  to  the  solution 
and  the  precipitate  was  filtered.  It  weighed  1.85  grams, 
melted  at  i96°-i98''  and  at  i97°-i98°  when  mixed  with 
the  pure  pinacolin.  This  result  shows  that  chromic  acid 
does  not  easily  oxidize  the  pinacolin  and  therefore  makes  it 
very  improbable  that  the  a-pinacolin  formula  (II.),  suggested 
by  Werner  and  Grob  for  this  substance,  is  the  correct  one. 
Analysis  : 

1  Werner  and  Grob  :  Ber.  d.  chem.  Ges.,  37,  2902. 
*  Werner  and  Grob  :  Loc,  cit. 
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0.1647  gram  substance  gave  0.5410  gram  CO^  and  0.0796 
gram  H,0. 


Calculated  for 
CjsHisO. 

Found. 

c 

90.12 

89.58 

H 

5-25 

5-37 

Diphenylviethyl-  0 ,  o-phenylbenzoic  Acid, 
(C6H3),CHC,H,C5H,COOH.— Two  grams  of  the  above  pin- 
acolin  were  dissolved  in  50  cc.  ethyl  alcohol,  containing  10 
grams  of  potassium  hydroxide  and  the  mixture  heated  in  a 
sealed  tube  at  i50°-i90°  during  six  hours.  The  tube  wasopened 
and  the  precipitated  potassium  salt  filtered  through  asbestos 
and  dissolved  in  hot  water.  On  acidifying  with  dilute  sul- 
phuric acid  the  organic  acid  precipitated;  it  weighed  1.7 
grams  and  melted  at  i8o°-i90°.  When  0.20  gram  was 
heated  in  i  cc.  alcohol,  at  i8o°-i9o°,  in  a  sealed  tube,  dur- 
ing twelve  hours,  it  was  not  changed.  Titration  indicates  a 
monobasic  acid.  It  very  probably  has  the  formula  assigned 
above  and  not  the  isomeric  structure, 

(CeH,),C(COOH)C,H,C,H,. 
I  shall  try  to  ascertain  this  by  other  syntheses. 

Titration. — (i)  0.1660  gram  required  4.50  cc.  N/io  KOH 
(phenolphthalein)  ;  calculated,  4.56  cc.  (2)  0.1560  gram 
(heated  at  190°)  required  4,20  cc.  N/io  KOH;  calculated, 
4.28  cc. 

Analysis  : 

0.1500  gram  substance  gave  0.4708  gram  COj,  and  0.0768 
gram  H^O. 


Calculated  for 

C20H20O2. 

Found. 

c 

85.66 

85.60 

H 

5-55 

5-69 

Dihydroxydiphenyldihydroacejiaphthene, 


. — The  acenaphthenequinone   used    in 
HO— C C— OH 


CeHg         CgHj 


Pinacone-Pinacolin  Rearrangement.  189 

this  work  was  prepared  according  to  Graebe's^  method.  A 
yield  of  30  grams  from  100  grams  of  acenaphthene  was  obtained. 
Fifteen  grams  of  acenaphthenequinone  were  added,  gradually, 
to  a  solution  of  phenylmagnesium  bromide  (from  40  grams 
brombenzeneand  7  grams  magnesium  turnings,  in  50  cc.  ether). 
The  substance  dissolved  completely  and,  after  the  solution  had 
been  boiled  during  two  hours,  the  brommagnesium  salt  of  the 
above  compound  was  precipitated.  The  ether  solution,  after 
treatment  with  dilute  sulphuric  acid,  was  well  shaken, 
dried  with  anhydrous  sodium  sulphate,  the  ether  distilled  and 
the  residue  crystallized  from  alcohol  and  from  glacial  acetic 
acid.  The  substance  melted  at  154°.  When  heated  for  some 
time  with  acetyl  chloride,  in  a  reflux  apparatus,  no  change  was 
apparent.     Analysis : 

0.1300  gram  substance  gave  0.4036  gram  COj  and  0.0656 
gram  H^O. 

Calculated  for 

CJ4H18O2.  Found. 

C  85.16  84.67 

H  5.38  5.60 

Sym.  Diphenyldi-p-tolylpinacone, 

(C,H,)(CgHJC C(C6H5)(C7H,).— This  is  most  readily  pre- 

OH     OH 
pared  in  the  following  manner  •}      The  method  will  be  em- 
ployed for  the  formation  of  the  corresponding  0-  and  w-tolyl 
derivatives  and  other  homologues. 

Eight  grams  of  benzil  were  added,  gradually,  to  a  boiling 
ethereal  solution  of /-tolylmagnesium  bromide  (from  20  grams 
of  /»-bromtoluene  and  4  grams  of  magnesium  turnings,  in 
ether)  and  the  solution  boiled  three  hours.  The  mixture  was 
poured  into  cold,  dilute  sulphuric  acid,  shaken  well  and  the 
ether  extract  dried  with  anhydrous  sodium  sulphate.  The 
ether  was  distilled  and  the  residue  taken  up  with  a  small 
amount  of  cold,  absolute  alcohol.  In  two  days  the  pinacone 
was  completely  precipitated.  It  was  recrystallized  once  from 
a   little    absolute   alcohol    and  melted  at  i63°-i65°.     Yield, 

1  Ann.  Chem.  (Liebig),  276,  4. 

2  Acree  :  Ber.  d.  chem.  Ges.,  37,  2762. 
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10.4  grams.     With  sulphuric  acid  it  gives  a  dirty-violet  color. 
Analysis : 

0.1730  gram  substance  gave  0.5387  gram  CO,  and  0.1043 
gram  H^O. 


Calculated  for 

CesHjoOj. 

Found. 

c 

85.22 

84.93 

H 

6.66 

6.70 

fi-Di-p-tolyldiphenylpinacolhiQ^ ,  (C7H7),(C6HJC— COCeHj.- 
This  was  obtained  bj^ 'boiling  the  pinacone  (6  grams)  with 
acetyl  chloride,  during  ten  hours.  It  was  crystallized  three 
times  from  absolute  alcohol  and  proved  to  be  identical  with 
Thorner's^  compound,  prepared  by  the  interaction  of  p-to\y\- 
phenyl  ketone  and  zinc,  in  concentrated  alcoholic  hydrochloric 
acid  solution.  The  yield  was  5.5  grams.  The  pinacolins  ob- 
tained by  both  methods  and  al.so  a  mixture  of  the  two,  melted 
at  136°.     Analysis  : 

0.1529  gram  substance  gave  0.4998  gram  CO^  and  0.0928 
gram  H^O. 

Calculated  for 

Cot,H240.  Found. 

C  89.31  89.15 

H  6.44  6.74 

Action  of  Phenylmagnesium  Bromide  on  Ethyl  Oxalate. 

Berizpinacone. — This  substance  was  made  to  ascertain  with 
what  ease  such  glycols  could  be  prepared  from  the  esters  of  di- 
basic acids.  As  pointed  out  in  the  introduction,  the  work 
will  be  continued  on  a  large  number  of  aliphatic  dibasic 
acids  and  the  related  hydroxy  acids. 

Dilthey  and  Last^  state  that  only  /3-benzpinacolin,  m.  p. 
182°,  is  formed  by  this  reaction.     I  obtain  pure  benzpinacone. 

To  phenylmagnesium  bromide  ( from  40  grams  brombenzene 
and  10  grams  magnesium  turnings)  ethyl  oxalate  (8  grams) 
was  added  slowly ;  both  were  in  absolute  ethereal  solu- 
tion. The  mixture  was  boiled  one  hour  in  a  reflux  appa- 
ratus,   then   poured    into   cold,    dilute   sulphuric  acid,    well 

1  Ann.  Chetn.  (I<iebig),  189,  no. 

2  Ber.  d.  chetn.  Ges.,  37,  2639. 
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shaken,  the  ethereal  layer  dried  with  calcium  chloride,  the 
ether  distilled  and  the  residue  crystallized  from  alcohol.  Pure 
benzpinacone  (12  grams),  melting  at  i86°-i87°,  was  ob- 
tained. When  a  specimen  of  this  was  mixed  with  one  of  benz- 
pinacone, prepared  from  methyl  benzfilicate  and  phenjrlmag- 
nesium  bromide,^  the  melting-point  was  unchanged. 

As  Dilthey  and  Last  did  not  analyze  their  compound,  it 
seems  probable  that  it  consisted  of  impure  benzpinacone,  because 
even  a  small  amount  of  impurity  lowers  the  melting-point  of 
this  substance  considerably. 

It  was  very  important  to  determine  if  the  normal  compound 
(pinacone),  or  the  rearranged  substance  (pinacolin),  is  the  first 
product  of  the  action  of  Grignard's  reagent  on  the  esters  of 
these  dibasic  acids,  for  it  is  very  probable,  indeed  nearly  cer- 
tain, from  work  that  will  be  described  below,  that  the  sub- 
stances obtained  from  succinic  and  glutaric  esters  and  their 
honiologues,  eliminate  water  very  readily  and  form  inner  an- 
hydrides— derivatives  of  tetramethylene  and  pentamethylene 
oxides.     Analysis  : 

0.1358  gram  substance  gave  0.4236  gram  CO2  and  0.0790 
gram  H^O. 

Calculated  for 

C26H22O2.  Found. 

C  85.20  85.07 

H  6.07  6.46 

Action  of  Phenylmagnesium  Bromide  07i  Ethyl  Succinate. 

Tetraphenyltetravtethylene  Glycol, 
(CgH^jCCHjCH,— CCCgHJj-— This   substance   was   prepared 

OH  OH 

in  the  same  manner  as  the  benzpinacone.  I  have  nothing  to 
add  to  its  properties,  as  described  by  Dilthey  and  Last,^  except 
that  my  specimen  melted  at  206°  instead  of  202°. 

Ten  grams  of  ethyl  succinate,  in  absolute  ether,  were  added, 
gradually  to  a  similar  solution  of  phenylmagnesium  bromide 
(from  40  grams  of  brombenzene  and  7  grams  of  magnesium  turn- 
ings),  which  was  cooled  in  ice.  The  solution  was  allowed  to  stand 

1  Acree :  Ber.  d.  chem.  Ges.,  37,  2761. 
*  Loc.  cit. 
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several  hours  and  was  then  poured  slowly  into  a  separatory- 
funnel  containing  finely  divided  ice.  After  thorough  shaking, 
just  enough  dilute  sulphuric  acid  was  added  to  dissolve  the 
magnesium  hydroxide.  The  aqueous  solution  was  removed 
and  the  cold  ether  layer  filtered  from  the  precipitated  glycol. 
When  dried  and  evaporated,  the  ethereal  filtrate  yields 
a  residue  containing  more  of  the  glycol.  The  latter  is 
alwa5'^s  accompanied  by  a  substance,  m.  p.  i63°-i65°, 
formed  by  the  loss  of  i  molecule  of  water  from  a  mole- 
cule of  the  glycol.  When  a  mixture  of  the  two  is  crystallized 
from  acetone,  the  glycol  is  readily  obtained  pure,  but  two  or 
three  crystallizations  of  the  mixture  from  boiling  glacial  acetic 
acid  are  sufficient  to  convert  it  completely  into  the  anhydride. 
The  same  result  is  obtained  by  boiling  the  glycol  for  a  short 
time  with  acetyl  chloride.  The  pure  glycol  melts  at  206°. 
Analysis  : 

0.1539  gram  substance  gave  0.4775   gram  CO^  and  0.0945 
gram  H^O. 


Calculated  for 
C08H20O0. 

Found. 

c 

H 

85.22 

6.66 

84.62 
6.82 

I  i 

TetraphenyltetramethyleneOxideQ'),  (CeHJ.C  CCCeH^),. 

\/ 

O 

— This  is  the  only  substance  formed  when  ethyl  succinate  is 
treated  with  boiling  .solution  of  phenylmagnesium  bromide  and 
the  product  purified  at  ordinary  temperatures,  without  any 
special  precautions.  It  is  also  formed  when  the  above  glycol 
is  boiled  for  only  a  few  minutes  with  acetyl  chloride  and  then 
crystallized  from  glacial  acetic  acid.  It  crystallizes  best  from 
alcohol  and  melts  at  163°-! 65°.  Mixtures  of  specimens 
prepared  by  various  methods  melt  at  the  same  temperature. 

The  above  formula  is  offered  tentatively,  as  the  substance 
might  be  the  /?-pinacolin  corresponding  to  the  tetraphenyl- 
tetramethylene  oxide, 
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(C,H5)3CCH,CH,COC,H., 
or  (C6H.),C  :  CHCH,C(0H)(CeH5),. 

It  only  slowly  decolorizes  bromine,  in  chloroform  solution. 
Experiments  are  in  progress  to  definitely  establish  its  consti- 
tution.    Analysis  : 

0.1875  gram  substance  gave  0.6156  gram  COjando.1071 
gram  H^O. 

Calculated  for 

C28H24O.2.  Found. 

C  89.35  89.54 

H  6.44  6.36 

Diphenyl  Ethyl  Glycol,  Z^,{<^^,)Q.{OYL^Q.YLOYi.Q^,.—l\. 
has  been  shown^  that  the  aryl  magnesium  bromides  react  very 
readily  with  benzoin  to  give  the  diphenyl  aryl  glycols, 

C6H,RC(OH)CHOHCeH5, 

which  were  previously  only  obtained  with  difficulty.  I  am 
now  extending  this  reaction  to  tiie  corresponding  diphenyl 
alphyl  glycols. 

Ethyl  iodide  (20  grams)  and  magnesium  turnings  (4  grams), 
were  boiled  in  ether  till  the  magnesium  was  no  longer  dis- 
solved. Benzoin  (12  grams)  was  then  added  gradually  to  the 
boiling  solution.  When  the  reaction  was  complete,  the  liquid 
was  poured  into  cold,  dilute  sulphuric  acid  and  shaken  well. 
The  ether  solution  was  dried,  distilled  and  the  residue  crj's- 
tallized  from  50  per  cent  alcohol.  The  product  weighed  13 
grams  and  melted  at  about  110°.  When  crystallized 
from  carbon  disulphide  it  melts  at  115°-!  16°.  The  sub- 
stance is  attacked  only  very  slowly  \iy  bromine,  in  chloroform 
solution.     Analysis : 

0.1 801  gram  substance  gave  0.5233  gram  CO2  and  0.12 10 
gram  H,0- 

Calculated  for 

CieHisOs-  Found. 

C  79.27  79.25 

H  7.50  7.46 

m-Tolyldiphenylcarbmol,      C,H,(C6H5)2COH.  —  This     com- 

1  Acree  :  Bar.  d.  chem.  Ges.,  37,  2762. 
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pound  and  also  the  methane  derivatives  described  below,  had 
been  prepared  before  the  publication  of  an  article  by  Bistrzycki 
and  Gyr/  but  this  is  the  first  opportunity  I  have  had  to  pub- 
lish my  results.  I  also  desire  to  state  that,  unfortunately,  I  had 
overlooked  Herzig  and  Wengraf's'^  work,  when  I  described  my 
method  for  the  reduction  of  carbinols  to  methane  derivatives. 
The  two  methods  are  entirely  different  and  I  applied  mine  to  the 
reduction  of  halogen  compounds,  hence  both  will  certainly  be 
useful. 

No  description  of  the  conditions  for  obtaining  ethyl  ^-toluate 
in  good  yield  appears  in  the  literature.  I  give  the  one  I 
have  used.  w-Toluic  acid  (15  grams)  was  dissolved  in  abso- 
lute ethyl  alcohol  (loocc.)  and  concentrated  sulphuric  acid  (11 
grams)  was  added.  The  mixture  was  boiled  four  hours ; 
nearly  two-thirds  of  the  alcohol  was  then  distilled  off,  water 
and  excess  of  sodium  carbonate  were  added  and  the  precipita- 
ted oily  ester  was  separated,  dissolved  in  ether,  dried  with  an- 
hydrous sodium  sulphate  and  distilled.  Besides  the  first  frac- 
tion, 16  grams,  or  88.4  per  cent  of  the  theoretical,  consisted  of 
pure  ester,  boiling  at  234°  to  235°,  762  mm. 

Ethyl  OT-toluate  (17  grams),  in  ether,  was  added  to  a  simi- 
lar solution  of  phenylmagnesium  bromide  (from  40  grams  of 
brombenzene  and  7  grams  of  magnesium  turnings).  After 
boiling  three  hours,  the  liquid  was  poured  into  cold,  dilute  sul- 
phuric acid,  shaken  well,  the  ethereal  extract  dried  with 
sodium  sulphate,  the  ether  distilled  and  the  residue  frac- 
tionated. A  first  fraction  of  diphenyl  (1.2  grams)  was 
obtained,  which  melted  at  69°.  The  w-tolyldiphenylcar- 
binol  boiled  at  255°  (26  mm.).  When  this  was  crys- 
tallized from  ligroin  three  times,  5.3  grams  of  carbinol  melt- 
ing at  65°  were  obtained.  The  melting-point  was  not  lowered 
when  the  substance  was  mixed  with  a  sample  prepared  by  an- 
other method.^     Analysis  : 

»  Ber.  d.  chem.  Ges.,  37,  1245. 

*  Monats.  Chem.,  as,  613. 

»  Acree  :  Ber.  d.  chem.  Ges.,  37,  993  ;  Bistrzycki  and  Gyr  :  Ibid..  37,  1250. 
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o.i6iogram  substance  gave  0.5170  gram  CO2  and  0.1022 
gram  H^O. 

Calculated  for 

CooHijO.  Found. 

C  87.52  87.58 

H  6.63  7.05 

Reduction  of  vt-  Tolyldiphenylcarbinol  to  m-  Tolyldiphenyl- 
viethane. — The  carbinol  (2  grams)  was  boiled  with  tin  (10 
grams)  and  alcohol  (50  cc),  in  a  reflux  apparatus,  concentra- 
ted hydrochloric  acid  (15  cc.)  was  added  gradually,  during 
about  six  hours.  The  solution  was  poured  into  water  and  the 
precipitated  methane  derivative  distilled;  1.3  grams,  boiling 
at  22o°-25o°  (30  mm.),  were  obtained.  It  first  melted  at 
59°,  but,  when  crystallized  from  ligroin,  at  62°.  The  sub- 
stance is  identical  with  a  specimen  kindly  furnished  me  by 
Professor  Bistrzycki.^     Analysis  : 

0.1537  gram  substance  gave  0.5232  gram  COj  and  0.1005 
gram  H,0. 

Calculated  for 

C20H18.  Found. 

C  92.96  92.84 

H  7.04  7.26 

Reduction  of  o-  Tolyldiphenylcarbinol  to  0-  Tolyldiphenyl- 
methane. — This  was  effected  exactly  as  in  the  case  of  the  meta- 
compound.  Two  grams  of  the  carbinol  gave  1.5  grams  of 
methane  derivative,  which  melted  at  78°  and  80",  after  crystal- 
lization from  alcohol  and  ligroin,  respectively.  The  substance 
is  identical  with  a  specimen  kindly  furnished  me  by  Profes- 
sor Bistrzycki.^     Analysis: 

0.1623  gram  substance  gave  0.5520  gram  CO2  ando.1051 
gram  H^O. 

Calculated  for 

C20H18.  Found. 

C  92.96  92.76 

H  7.04  7.19 

1  Bistryzycki  and  Gyr  :  Ber.  d.  chem.  Ges.,  37,  1251. 

2  Loc.  cit. 

Baltimore,  Md., 
Dec.  26,  1904. 
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THOMAS  MESSINGER   DROWN. 

President  T.  M.  Drown,  who  died  at  his  home,  South  Beth- 
lehem, Pa.,  November  15,  1904,  was  born  March  19,  1842. 
He  attended  the  Philadelphia  High  School  and  graduated  M.D., 
from  the  University  of  Pennsylvania,  in  1862.  After  a  short 
period  of  medical  practice,  he  studied  chemistry  at  the  Univer- 
sities of  Yale,  Harvard  and  Heidelberg  and  at  the  School  of 
Mines,  Freiberg,  Saxony.  During  several  years  he  was  an 
analytical  chemist  in  Philadelphia,  then,  successively,  profes- 
sor of  chemistry  at  Lafayette  College,  Easton,  Pa.,  i874-'8i 
and  at  the  Massachusetts  Institute  of  Technology,  i885-'95. 
He  was  secretary  of  the  American  Institute  of  Mining  En- 
gineers, i873-'83  and  president  i897-'98.  Since  1887  he  had 
been  in  charge  of  the  Chemical  Department  of  the  Massachu- 
settes  State  Board  of  Health.  He  was  appointed  president  of 
Lehigh  University  in  1895  and  received  the  degree  of  LE-D. 
from  Columbia  University  the  same  year.  Dr.  Drown  was  the 
author  of  numerous  papers  on  metallurgical,  sanitary  and 
analytical  chemistry,  several  of  which  were  published  in  the 
earlier  volumes  of  This  Journal,  but  these  fail  to  represent 
adequately  his  services  to  science  in  general  and  to  chemistry 
in  particular.  His  lofty  ideals,  combined  with  unusual  ability 
and  skill,  were  important  factors  in  giving  Massachusetts  its 
present  leadership  in  sanitary  matters  and  in  laying  the  foun- 
dations for  the  high  standards  of  work  which  prevail  at  the 
Institute  of  Technology.  The  editor  desires  to  make  special 
mention  of  the  charm  of  Dr.  Drown' s  personality.  This,  to- 
gether with  his  unerring  instinct  for  the  highest  and  best  in 
professional  affairs,  made  intercourse  with  him  an  unalloyed 
pleasure. 

ISAAC  LOWTHIAN  BELL. 

Sir  Eowthian  Bell,  Bart.,  the  veteran  iron  master  and  metal- 
lurgist, was  born  Feb.  15,  18 16,  at  Newcastle  and  died,  in  his 
90th  year,  at  Northallerton  (England),  Dec.  20,  1904.  He 
studied  at  Edinburgh  University  and  the  Sorbonne  and  en- 
tered his  father's  iron  works  at  the  age  of  24.  In  1850  he  be- 
came connected  with  a  chemical  factory  at  Washington  (Eng- 
land) ;  this  he  greatly  enlarged  and  laid  down  an  extensive 
plant  for  the  manufacture  of  a  lead  oxychloride,  introduced  as 
a  substitute  for  white  lead  by  his  father-in-law,  Mr.  H.  L. 
Pattinson,  F.R.S.,  who  was  associated  with  him  in  the  busi- 
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ness.  The  production  of  aluminium,  by  the  Deville  sodium 
process,  was  also  carried  on  at  the  works  from  i860.  Sir 
lyowthian  Bell  is,  perhaps,  best  known  for  the  highly  success- 
ful iron  works  which  he  started  at  Port  Clarence,  to  work  the 
Cleveland  ore,  soon  after  its  discovery  in  1850.  The  degree 
of  LI/.D.  was  conferred  on  him  by  Edinburgh  University 
in  1893,  he  was  made  a  baronet  in  1885,  received  the  first 
Bessemer  gold  medal  in  1874  and  during  the  same  year  became 
a  Fellow  of  the  Royal  Society.  One  of  the  founders  of  the 
"  Iron  and  Steel  Institute,"  Sir  Lowthian  Bell  became  presi- 
dent 1873-75  ;  a  number  of  other  scientific  societies  in  this 
country  and  in  Europe  also  elected  him  to  membership.  He 
was  the  author  of  "Principles  of  Iron  and  Steel  Manufac- 
ture," "The  Chemical  Phenomena  of  Iron  Smelting"  and  of 
many  papers  on  the  same  subjects  published  in  various  scien- 
tific and  technical  journals. 
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REVIEWS. 

Jahrbuch  der  ElEKTrochemie.  Berichte  iiber  die  Forlschritte  des 
Jahres  1902.  Herausgegeben  von  Dr.  Heinrich  Danneei<,  Privat- 
docent  der  physikalischen  Chemie  und  der  Elektrochemie  an  der 
Technischen  Hochschule  zu  Aachen.  IX  Jahrgang.  Halle,  a.  S.  : 
Verlag   von  Wilhelm  Knapp.     1904.     pp.  750.     Price,  M.  24. 

The  "Jahrbuch  der  Elektrochemie,"  as  is  well  known,  re- 
views the  work  of  the  year  under  the  two  general  heads  of 
"  scientific"  and  "  applied"  electrochemistry.  The  scientific 
portion  includes  a  discussion  of  conductivity  and  solutions, 
chemical  energy  and  electrical  energy,  polarization  and  elec- 
trolysis and  electrical  phenomena  in  gases.  The  applied  elec- 
trochemistry deals  with  production  of  current,  inorganic  elec- 
trochemical procedure  and  products,  metals,  organic  com- 
pounds, alkali  electrolysis  and  a  discussion  of  apparatus  for 
technical  electrochemistry. 

The  volume  in  question  is  very  rich  in  material  and  the  ab- 
stracts, on  the  whole,  seem  to  have  been  carefully  prepared. 

H.  c.  J. 

Kritische  Studien  uber  die  Vorgange  der  Autoxydation. 
Von  C.  Engler  und  J.  Weissberg.  Braunschweig  :  Friedrich 
Vieweg  und  Sohn.     1904.     pp.  xi  +  204. 

A  Review  of  a  Book  and  a  Theory. 

The  dedication  of  this  recent  publication  on  oxidation  pro- 
cesses to  the  memory  of  Christian  Friedrich  Schonbein,  is  cer- 
tainly a  mark  of  thoughtful  appreciation  on  the  part  of  the 
authors,  while  the  book  itself  is  a  "  Denkraal"  not  unworthy  of 
the  genius  of  this  brilliant  observer.  As  its  title  indicates,  it 
has  for  its  object  the  discussion  and  elucidation  of  all  problems 
connected  with  autoxidation.  The  authors  are  careful  to  point 
out  that  the  key  to  an  understanding  of  all  processes  of  oxida- 
tion is  to  be  found  in  the  writings  of  Schonbein,  whose  words 
upon  this  subject  seem  to  us,  after  a  lapse  of  more  than  fifty 
years,  to  be  well  nigh  prophetic.  According  to  this  distin- 
guished observer  we  see,  in  the  final  products  of  chemical  com- 
binations, particularly  those  in  which  oxygen  is  concerned, 
only  the  closing  scene,  as  it  were,  of  a  chemical  drama,  which 
in  reality  consists  of  several  acts.  Beginning  with  the  labors 
of  Schonbein  and  extending  down  to  the  present,  it  has  been 
the  aim  of  a  certain  school  of  chemists  to  better,  portray  the 
beginning  and  middle,  as  well  as  the  final  acts  of  the  oxygen 
drama  ;  a  part  of  the  object  of  the  publication  here  under  con- 
sideration is  to  show  how  well  they  have  succeeded.  The 
writer  believes,  as  doubtless  also  do  the  authors,  that  the  opin- 
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ions  and  researches  described  in  this  book  form  a  distinct  period 
in  the  growth  and  development  of  our  chemical  knowledge. 

Such  being  the  case,  it  may  not  be  out  of  place  to  give  a 
brief  summary  of  the  origin  and  development  of  the  modern 
theory  of  oxidation,  particularly  for  the  benefit  of  those  whose 
work  and  reading  have  been  more  or  less  remote  from  the  sub- 
jects here  under  consideration. 

When  we  consider  the  remarkably  perfect  shape  in  which 
the  great  Lavoisier  left  the  oxygen  theory  of  combustion,  in 
spite  of  his  untimely  death,  the  vast  amount  of  knowledge 
concerning  oxidation  phenomena  that  has  accumulated  since 
his  time  is  all  the  more  notable  ;  it  certainly  bodes  ill  for 
the  lasting  triumph  of  any  of  our  pet  theories  that  as  nearly 
perfect,  far-reaching  and  revolutionary  as  were  Lavoisier's 
conceptions  of  oxidation  processes,  they  should  fall  so  far  short 
of  the  views  that  prevail  to-day.  As  is  pointed  out  in  the 
book  before  us,  it  was  the  discovery  by  Schonbein,  in  1840, 
of  ozone  and  the  recognition  of  its  formation  during  slow  oxida- 
tions, that  gave  the  first  impulse  to  a  deeper  inquiry  into  the 
causes  and  mechanism  of  such  reactions.  This,  together  with 
the  discovery  of  the  equally  remarkable  substance,  hydrogen 
peroxide  and  the  detection  of  it  among  the  final  products  of 
such  autoxidations  as  were  brought  about  in  the  presence  of 
water,  were  the  starting-points  for  the  extended  investigations 
of  Schonbein,  Moritz  Traube,  Engler,  Bach,  Manchot  and 
others  in  this  field  of  research.  Their  work  has  brought  to 
light  many  new  and  interesting  facts  and  gradually  the  re- 
sults have  been  elaborated  into  a  general  theory  of  oxidation 
phenomena,  so  comprehensive  in  its  scope  as  to  include  nearly 
every  possible  phase  of  the  processes.  It  is  hardly  feasible 
to  give  anything  like  a  satisfactory  outline  of  this  theorj'  in  a 
limited  space.  Briefly,  however,  it  is  based  upon  the  concep- 
tion of  partial  dissociation  both  of  the  oxygen  molecule  and  of 
that  of  the  oxidizable  material,  whereby  the  former  becomes 
free  to  combine  with  the  autoxidizable  substance.  To  Moritz 
Traube  we  owe  the  conception  that,  in  slow  oxidations,  it  is  the 
molecule  of  oxygen  rather  than  the  atom  that  participates  in 
the  change.  Thus  combination  of  the  oxygen  molecule  with 
the  autoxidizable  substance  leads  to  the  formation  of  perox- 
ides. These  compounds  have  been  called  holoxides  by  Traube, 
moloxides  by  Engler  and  primary  oxides  by  Manchot.  The 
ultimate  fate  of  these  compounds  depends  largely  on  the  com- 
position and  nature  of  the  other  substances  (acceptors)  with 
which  they  find  themselves  in  contact.  In  the  light  of  this 
theory  the  formation  of  peroxides,  of  ozone  and  hydrogen  per- 
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oxide  and  ultimately  of  simple  oxides,  as  products  of  autoxida- 
tion,  all  becomes  readily  intelligible  ;  it  also  takes  cognizance 
of  the  diflference  between  direct  and  indirect  autoxidation. 
Graphically  these  ideas  have  been  expressed  as  follows  : 

Direct  autoxydator.  Molecular  oxygen.  Moloxide. 

— o 

A  +  I  =  AO, 

— O 

Examples  of  such  oxidations  are  to  be  found  in  the  autoxi- 
dation of  hydrogen,  the  alkali  metals  and  benzaldehyde  ;  thus 
on  burning  rubidium  in  air  it  is  quantitatively  transformed 
into  the  peroxide  and,  as  pointed  out  by  Schuller  and  later  by 
Traube,  the  flame  of  burning  hydrogen  contains  hydrogen  per- 
oxide. If  the  acceptor  be  the  same  as  the  autoxidizable  sub- 
stance, the  final  product  of  the  oxidation  will  be  a  single  sim- 
ple oxide.  Thus  it  is  that  water  is  the  final  oxidation-product 
of  hydrogen  ;  in  terms  of  the  theory,  this  is  represented  graph- 
ically as  follows  : 

H  H—  — O 

I  -  +  I  =        H,0„ 

H  H—  --0 

and 

H— 

H,0,  +  =  2H,0. 

H— 

In  the  event  that  the  acceptor  is  different  from  the  autoxit 
dator,  two  substances  may  be  ultimately  oxidized  as  the  resul- 
of  the  autoxidation  of  the  first  which  will  then  act  in  the 
capacity  of  an  oxygen  carrier  to  the  second,  thus  we  should 
have  : 

AO,         +         B  =  AO         +         BO. 

An  example  of  this  is  found  in  the  oxidation  of  sodium  arse- 
nite  by  means  of  sodium  sulphite,  as  a  carrier  : 

Na,S03  +  O,     =     Na^SOj, 
and 

Na.SOj  +  NajAsOg     =^     Na,SO,  +  NagAsO,. 

The  oxidation  of  benzaldehyde  by  atmospheric  oxygen,  at  or- 
dinary temperatures,  furnishes  an  admirable  example.  As 
pointed  out  by  Baeyer  and  Villiger,  on  autoxidation,  the  alde- 
hyde is  first  converted  into  benzoyl  hydroperoxide  ;  if  this  be 
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allowed  to  react  with  a  molecule  of  the  aldehyde,  it  forms  two 
molecules  of  benzoic  acid,  l^ut,  if  another  readily  oxidizable 
substance,  such  as  indigo,  be  present  this  is  oxidized  and 
only  one  molecule  of  benzoic  acid  is  produced.  These  changes 
may  be  represented  graphically  as  follows  : 

(i)   CeH.CHO  +  O,     -=     QH5CO.O.OH  ; 

(2)  C,H,CO.O.OH  +  QH^CHO     =     2CeH5COOH  ; 

(3)  CeH^CO.O.OH  +  Indigo     =     CsH^COOH  +  Isatin. 

The  increase  in  reactivity  of  oxygen  is  explained  by  the 
formation  of  the  active  peroxide,  as  the  result  of  the  action  of 
the  oxygen  of  the  air  upon  the  aldehyde.  In  reaction  (2)  the 
benzaldehyde  behaves  as  a  self-acceptor,  whereas  in  reaction 
(3)  indigo  is  the  acceptor. 

The  theory  also  enables  us  to  understand  the  formation  of 
ozone,  by  the  action  of  electricity  on  ordinary  oxygen  and  as 
the  result  of  slow  oxidations  ;  in  the  first  case  molecular  oxy- 
gen is  both  partially  and  completely  dissociated  : 

O  — O 

II     ^*        I     .^    —O \ o— , 

o         — o 

— o 

and  — O h        I       =     O3. 

— O 

In  the  second  case  the  ozone  is  supposed  to  be  a  decomposi- 
tion-product of  the  moloxide  resulting  from  the  autoxidation  ; 
thus,  according  to  Ostwald,  in  the  slow  oxidation  of  phos- 
phorus the  changes  are  represented  by  the  equations  : 

and  P»«Oj„     =     VmO{2n-3r)  +  rOy 

Thirdly,  oxygen  may  act  as  the  acceptor  in  certain  oxida- 
tions : 

AO,  +  0,     =     AO  +  O3. 

The  third  point  with  which  the  theory  concerns  itself  is  the 
formation  of  hydrogen  peroxide.  As  already  mentioned 
above,  this  compound  is  the  primary  product  in  the  oxidation 
of  hydrogen,  being  present,  according  to  Traube,  in  the  flame 
of  burning  hydrogen  and  also  resulting  from  the  action  of 
molecular  oxygen  on  cathode  hydrogen,  but  it  is  never  formed 
in  the  reverse  way,  viz.,  by  the  action  of  molecular  hydrogen 
on  atomic  oxygen.     These  are  certainly  most  interesting  and 
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important  observations  from  the  standpoint  of  the  theory  and 
may  be  formulated  as  follows  : 

H—  — O 

H,     -  +  I      =     H,0,. 

H—  — O 

Secondly,  as  pointed  out  by  Engler,  hydrogen  peroxide  may 
be  produced  in  processes  of  oxidation  as  the  result  of  secondary 
reactions.  Thus  it  may  result  from  the  decomposition  of  an- 
other peroxide  by  means  of  water  : 

/  O  /O— OH  /OH 

A<    I    +  HOH  ►-   A<  +  H,0  ►-  A<  +  H,0,. 

^0  \0H  \0H 

According  to  Engler,  the  oxidation  of  turpentine  results  in 
the  formation  of  hydrogen  peroxide  as  a  secondary  product. 

Thirdly,  Schonbein  observed  that  hydrogen  peroxide  is 
formed  in  a  very  large  number  of  oxidations  which  take  place 
in  the  presence  of  water  ;  in  explanation  of  this,  he  suggested 
that  one  atom  of  the  oxygen  molecule  formed  the  ozonide, 
whereas  the  other,  oppositely  charged  atom,  oxidized  water 
with  the  production  of  hydrogen  peroxide,  which  he  regarded 
as  an  antozonide.  Later,  very  similar  views  were  advanced  by 
Hoppe-Seyler,  who  considers  that  the  autoxidizable  substance 
decomposes  an  oxygen  molecule  and  appropriates  one  atom  itself, 
leaving  the  other  in  the  form  of  active,  nascent  oxygen,  which 
has  the  power  of  causing  energetic  oxidations,  such  as  that  of 
molecular  oxygen  to  ozone,  of  ammonia  to  nitrite  and  of  water 
to  hydrogen  peroxide.  According  to  Traube,  the  formation  of 
hydrogen  peroxide  as  a  by-product  in  such  autoxidations  as 
may  be  effected  in  the  presence  of  water,  depends  rather  on  the 
more  ready  decomposition  of  the  water  molecule  and  the  oxida- 
tion of  the  resulting  nascent  hydrogen  by  molecular  oxygen. 
He  represents  the  formation  of  hydrogen  peroxide,  as  the  re- 
sult of  the  autoxidation  of  zinc  in  contact  with  water,  by  the 
equation  : 

OH  H  O  /OH  H— O 

Zn  +  +      II      =     Zn<  + 

OH  H  O  ^OH  H— O 

In  support  of  this  conception  he  pointed  out  that,  whereas 
the  alkali  metals  readily  decompose  water,  they  retain  their  lus- 
ter in  dry  oxygen,  sodium,  for  example,  after  remaining  bright 
during  forty  hours,  became  covered  with  a  layer  of  the 
hydroxide  the  moment  a  trace  of  water  was  admitted.  That 
water  is  the  active  agent  in  such  oxidations  is  also  shown  by 
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the  fact  that,  when  shaken  with  oxygen  and  absolute  alcohol, 
zinc  is  not  oxidized  nor  is  hydrogen  peroxide  produced.  He 
also  concluded  that,  although  pure  zinc  alone  cannot  decompose 
either  oxygen  or  water  molecules,  it  does  combine  with  the 
oxygen  atom  in  water  when  assisted  by  the  affinity  of  molecu- 
lar oxygen  for  the  hydrogen  atoms  of  water,  which  is  exerted 
in  the  opposite  sense. 

In  view  of  the  simplicity  and  beauty  of  these  conceptions,  it 
is  not  surprising  that  Traube  should  have  been  led  to  magnify, 
somewhat,  the  part  played  by  water  in  processes  of  autoxida- 
tion  and,  contrary  to  his  earlier  notions,  should  have  held 
the  extreme  view  that,  at  ordinary  temperatures,  no  oxi- 
dation can  take  place  in  the  absence  of  water.  While,  per- 
haps, such  a  generalization  is  too  sweeping,  it  is  interesting  to 
note,  in  passing,  that  all  later  researches  on  the  influence  of 
water  on  chemical  combination  have  tended,  in  large  measure, 
to  confirm  it. 

So  far  as  I  am  able  to  determine,  the  labors  of  Engler,  Bach, 
Manchot  and  their  co-workers  in  this  field  have  consisted 
largely  in  the  extension  and  elaboration  of  the  views  of  Traube 
and  in  the  adjustment  and  adaptation  of  them  to  modern  chem- 
ical conceptions.  Thus,  in  the  autoxidation  of  zinc  in  the 
presence  of  water,  Engler  regards  the  zinc  as  a  pseudoautoxida- 
tor,  which  gives  rise  to  atomic  hydrogen  ;  this  latter,  regarded 
by  him  as  a  second  or  indirect  autoxidator,  is  the  substance 
which  really  combines  with  the  oxygen  of  the  air.  Graphically 
these  changes  are  represented  thus  : 


Pseudoautoxidator. 

Secondary  or  indirect 
autoxidator. 

Moloxide, 

OH 
Zn  + 

OH 

H       —0              /OH 

+      1  =z< 

H       —0              ^OH 

+ 

H— 0 
H— o" 

This  mode  of  representation  is  essentially  similar  to  Traube's 
given  above. 

A  still  further  development  of  the  theory  by  Engler  and 
Weissberg  is  based  upon  the  supposition  that  the  metals  pass 
into  solution,  in  the  form  of  positively  charged  ions,  in  conse- 
quence of  their  solution  tension  ;  these,  however,  can  only  be 
discharged  and  enter  into  chemical  combination  at  the  expense 
of  the  hydroxyl  ions  of  water,  but  this  involves  the  discharge 
of  a  corresponding  number  of  hydrogen  ions,  which  become 
atomic  and  at  once  combine  with  molecular  oxygen  to  form  hy- 
drogen peroxide,  just  as,  in  Traube's  experiment,  the  atomic  hy- 
drogen, liberated  at  the  cathode,  unites  with  molecular  oxygen 
to  form  hydrogen  peroxide.     These  authors  are  also  disposed 
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to  the  view  that  atomic  hydrogen,  resulting  from  the  discharge 
of  hydrogen  ions  by  combination  of  metallic  ions  with  hydroxyl 
ions  of  water,  unites  with  the  remainder  of  the  metal,  or  is  ab- 
sorbed by  it,  in  much  the  same  way  that  hydrogen  is  absorbed 
by  palladium.  A  secondary  autoxidator,  of  the  composition 
MH,  is  thus  produced  which  combines  with  molecular  oxygen 
to  form  a  hydroperoxide  of  the  form  M.O.OH  ;  this,  in  con- 
tact with  water,  at  once  yields  the  hydroxide  of  the  metal  and 
hydrogen  peroxide  : 

M.M  +  OH.H     =     MOH  +  MH, 


M 

— 0 

1       + 

1       = 

=     M.O.OH ; 

H 

— 0 

and  M.O.OH  +  H,0     =     MOH  +  H^O,. 

The  autoxidation  of  indigo  white  in  presence  of  water  is  an 
ionic  reaction,  like  the  oxidation  of  a  metal  under  similar  con- 
ditions, therefore,  these  authors  are  inclined  to  represent  it  by 
the  formula  : 

/H         OH  H         — O 

Indigo<        +  +        I      =     Indigo  +  2H3O  +  H,0, 

\H         OH  H         — O 

rather  than  by  the  shorter  one, 

/H  — O 

Indigo/  +  I       =     Indigo  +  H,0,. 

\H  — O 

They  have  also  pointed  out  that  Traube's  theorem,  that  no 
oxidation  occurs  at  ordinary  temperatures  in  the  absence  of 
water,  is  not  generally  valid  and  that  the  hydrogen  per- 
oxide, formed  in  certain  oxidations,  is  not  to  be  regarded  as  a 
primary,  but  rather  as  a  secondary  product,  resulting  from  the 
decomposition,  by  water,  of  the  moloxide  first  formed  in  the 
oxidation.  Thus,  in  the  production  of  hydrogen  peroxide  by 
the  oxidation  of  turpentine  in  moist  air,  they  believe  that  the 
turpentine  and  molecular  oxygen  form  a  peroxide,  which  yields 
hydrogen  peroxide  with  water. 

Accordingly,  Kngler  and  his  co-workers  distinguish  between 
(i)  reactions  in  which  hydrogen  peroxide  is  produced  directly 
by  the  autoxidation  of  hydrogen,  or  of  something  producing  it  : 
this  includes  free  hydrogen,  cathode  hydrogen,  hydrogen  from 
zinc  and  water,  labile  hydrogen  of  certain  organic  compounds 
etc.  and  (2)  reactions  in  which  the  directly  autoxidizable  body 
is  a  substance  quite  diflferent  from  hydrogen,  such  as  turpentine, 
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trietliyl  phosphiue,  dry  metals,  etc.,  from  these,  hydrogen 
peroxide  is  only  formed  indirectly  and  as  the  result  of  a  sec- 
ondary process,  viz.,  the  decomposition  of  the  given  moloxide 
by  water.  Engler  and  Weissberg  are  responsible  for  the  con- 
cept "  no  oxidation  without  dissociation,"  in  support  of  which 
they  cite  the  fact  that  turpentine  and  certain  essential  oils  can 
be  kept  in  the  dark,  for  a  very  long  time,  without  oxidation. 

Similarly  hydrogen,  which  at  high  temperatures  combines 
explosively  with  oxygen,  scarcely  combines  with  it  atallat  or- 
dinary temperatures,  whereas  dissociated  hydrogen,  i.  e., 
cathode  hydrogen  and  nascent  hydrogen,  combines  rapidly  with 
molecular  oxygen  at  ordinary  temperatures.  Dissociation  is 
used  to  signify  the  setting  free  of  valencies  in  the  compound 
or  element  undergoing  oxidation  and  the  partial  liberation  of 
the  valencies  in  the  oxygen  molecule.  As  Thiele  regards  the 
partial  valencies  of  unsaturated  compounds  as  the  cause  of  their 
formation  of  addition-products,  so  Engler  believes  that  the 
reason  for  combination  with  oxygen  consists  in  the  loosening 
of  combined  valencies  in  the  element  or  compound  by  heat, 
light,  or  other  cause.  In  support  of  this  conception  the  authors 
point  out  that  many  substances  which  are  very  readily  oxid- 
ized also  exhibit  a  strong  tendency  to  polymerize,  this  is  par- 
tially true  of  styrene  and  its  derivatives,  also  of  indene,  cum- 
arone  and  certain  hydrocarbons  of  the  petroleum  series.  The 
authors  attribute  this  tendency  to  polymerization  to  the  same 
cause  as  the  tendency  to  oxidation,  viz.,  to  the  existence  of  un- 
saturated valencies  in  the  molecules. 

The  closing  chapter  of  the  book  deals  with  the  role  of  oxy- 
gen in  the  living  organism,  it  is  in  this  direction  that  the  newer 
theories  of  oxidation  have  found  a  most  interesting  and  impor- 
tant application  and  to  Bach,  especially,  belongs  the  credit  of 
having  been  the  first  to  point  out  that  the  oxidizing  ferments 
of  the  blood  are  simply  readily  oxidizable  substances,  having  a 
special  aptitude  to  form  peroxides.  Kastle  and  Loevenhart 
subsequently  showed  the  many  analogies  existing  between  or- 
ganic peroxides  and  the  oxidizing  ferment  of  the  potato  and 
indicated  that,  in  all  probability,  this  substance  is  not  a  true 
soluble  ferment,  but  simply  a  very  unstable  organic  peroxide 
and  that  the  living  cell  apparently  renders  oxygen  reactive  in 
essentially  the  .same  way  as  does  phosphorus,  benzaldehyde 
and  other  oxygen  carriers,  as  one  phase  of  autoxidation. 

;ic  *  *  *  *  * 

In  the  book  itself  mo.st  of  the  ideas  here  touched  upon  are 
elaborated  with  great  clearness  and  illustrated  by  abundant  ref- 
erences to  the  original  literature.    In  my  opinion  its  publication 
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will  prove  to  be  one  of  the  milestones  along  the  way  of  chem- 
ical progress.  Compared  with  the  great  lessons  which  it 
teaches,  its  imperfections  sink  into  comparative  insignificance. 
There  are,  however,  a  few  omissions  in  the  literature  of  the 
subject  which  have  come  under  my  observation  ;  under  phos- 
phorus no  reference  is  made  to  the  splendid  researches  of 
Thorpe  and  Tutton,^  on  the  slow  oxidation  of  phosphorus  and 
yet,  in  point  of  thoroughness,  their  investigations  far  surpass 
all  other  work  on  this  subject  and  incidentally,  as  may 
be  pointed  out  in  the  future,  throw  a  great  deal  of  light  on 
Schonbein's  old  observation,  subsequently  much  discussed  and 
investigated,  that  one  atom  of  oxygen  is  rendered  reactive  by 
every  two  atoms  of  phosphorus  oxidized. 

Also,  throughout  the  book,  there  is  a  hair-splitting  accuracy 
as  to  the  date  of  publication  of  many  of  Engler's  own  contri- 
butions to  the  subject,  which  is  bound  to  impress  the  dispas- 
sionate and  unbiased  reader  disagreeably  and  which  is  of  no 
interest  to  any  one  except,  perhaps,  to  those  engaged  in  estab- 
lishing far-reaching  claims  of  priority.  One  cannot  get  away 
from  the  notion  that  there  must  exist  some  apprehension  in 
the  minds  of  the  authors  lest  the  chemical  world  may,  per- 
chance, allow  its  gaze  to  wander  past  the  heroic  figure  of  Engler 
to  the  humbler  personages  of  Bach  and  Manchot,  or  perhaps, 
even  more  remotely,  to  Moritz  Traube.  It  is  sometimes  re- 
freshing to  think  that  John  Dalton  was  actually  so  occupied 
with  his  investigations,  that  he  probably  never  knew  just  pre- 
ciselj'  what  and  how  much  had  been  contributed  to  our  knowl- 
edge of  the  expansion  of  gases  by  heat,  by  Gay-Lussac, 
Charles,  himself  and  others.  Concerning  the  remarkable  ac- 
tivity in  this  field  of  research  at  that  time,  he  simply  says  that 
"The  truth  will  out  at  last"  and  yet,  at  the  present,  no  one, 
not  even  a  German  chemist,  is  inclined  to  doubt  that  this  great 
Manchester  chemist,  independently  of  everj^  one  else,  arrived 
at  many  laws  governing  the  conduct  of  gases. 

Finally,  were  one  disposed  to  be  critical,  both  the  originality 
and  the  correctness  of  the  authors'  conclusions  respecting  the 
function  of  catalase  in  the  green  plants,  as  set  forth  in  bold 
type  on  page  191,  might  be  questioned.  The  notion  there  ad- 
vanced, presumably  as  original  with  the  authors,  is,  in  reality, 
but  little  more  than  a  fusion  of  the  views  of  Erlenmeyer  and 
Loew,  yet  no  mention  is  made  of  the  views  of  the  former 
chemist  in  this  connection.  When  we  recall  that  aqueous  ex- 
tracts of  the  liver  of  the  hog,  the  testicle  of  the  sheep  and  of 
the  common   edible  mushroom,  Agarica  campestris,  all  decom- 

1  J.  Chem.  Soc.  iSS6,  833  ;  1S90,  545,  573. 
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pose  hydrogen  peroxide  far  more  actively  than  aqueous  ex- 
tracts of  the  chlorophyl-bearing  plants,  we  do  not  feel  quite  so 
certain  that  catalase  is  merely  an  adjunct  of  the  photosynthetic 
process.  j-  h.  kastle. 

Radio-Activity.  By  E.  Rutherford,  D.Sc,  F.R.S.,  F.R.S.E.,  Mac- 
donald  Professor  of  Physics,  McGill  University,  Montreal.  CamlDridge 
University  Press.      1904.     pp.  399. 

There  are  few  subjects  in  any  branch  of  experimenial  science 
that  have  produced  more  confusion  than  that  of  radioactivity. 
This  is  due,  in  part,  to  the  large  number  of  papers  that  have  ap- 
peared in  this  field  in  the  last  few  years  and  in  part  to  the 
variety  of  subjects  dealt  with.  There  has  also  been  a  lack  of 
any  wide-reaching  generalization,  in  terms  of  which  the  large 
number  of  apparently  disconnected  facts  could  be  coordinated. 

The  whole  subject  has  been  greatly  simplified  by  this  admira- 
ble little  book,  which  contains  just  those  things  that  we  wish 
to  carry  with  us.  Rutherford  points  out  that  the  whole  sub- 
ject of  radioactivity  was  opened  up  by  the  discovery  of  the 
X-rays.  Investigations  were  made  to  see  if  anything 
analogous  to  this  kind  of  radiation  was  given  out  by  or- 
dinary matter.  The  result  was  the  discovery  of  the  radio- 
activity of  uranium,  by  Becquerel,  in  1896;  in  1898  Schmidt 
showed  that  thorium  is  also  radioactive. 

Mme.  Curie  determined  the  radioactivity  of  a  number  of 
minerals  containing  uranium  and  thorium  and  found  some 
specimens  of  pitchblende  that  were  four  times  as  radioactive 
as  metallic  uranium.  This  led  to  the  discovery  of  radium  by 
M.  and  Mme.  Curie,  which,  in  the  pure  state,  has  a  radioac- 
tivity that  is  more  than  a  million  times  that  of  metallic  uranium. 
Radium  chloride  comes  from  the  pitchblende  together  with 
the  barium  chloride,  which  it  closely  resembles  chemically  and 
from  which  it  is  finally  separated  by  difference  in  solubility  in 
water  and  alcohol. 

Other  radioactive  substances,  such  as  polonium  and  actin- 
ium, have  also  been  separated  from  pitchblende. 

Several  methods  have  been  employed  to  measure  radioactivity . 
They  depend  upon  the  power  of  the  rays  to  affect  a  photo- 
graphic plate,  to  produce  fluorescence  on  a  screen  covered  with 
barium  platinocyanide,  zinc  sulphide,  etc.  and  to  ionize  a  gas. 
Methods  based  upon  the  ionizing  power  of  the  rays  have  now 
nearly  supplanted  all  others,  especially  where  quantitative 
measurements  of  radioactivit}'  are  to  be  made. 

Rays  of  very  different  properties  are  given  off  by  radioactive 
substances.  This  has  been  shown  by  observing  their  deflec- 
tion in  a  magnetic   field  and  by  comparing  their  relative  ab- 
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sorption  by  solids  and  gases.  Three  kinds  of  rays  have  been 
detected,  known  respectively  as  the  a-,  /3-  and  y-rays. 

The  a.-rays  are  very  readily  absorbed  by  thin  metal  foil  and 
by  a  few  centimeters  of  air.  They  are  deviated  in  a  magnetic 
field  in  the  opposite  sense  to  the  cathode  rays  and,  as  the  lat- 
ter are  charged  negatively,  the  a-rays  must  consist  of  positively 
charged  particles.  The  conclusion,  from  this  and  other  experi- 
mental evidence,  is  that  the  a-particleis  positively  charged,  has 
a  mass  about  twice  that  of  the  hydrogen  atom  and  moves  with 
a  velocity  of  about  one-tenth  that  of  light. 

The  ft- rays  are  far  more  penetrating  than  the  a-rays.  They 
carry  a  negative  charge,  are  strongly  deviated  by  a  magnetic 
field  and  move  with  the  velocity  of  light.  These  properties 
suggest  the  cathode  rays  in  a  vacuum-tube.  In  order  to  de- 
termine whether  the  two  are  identical,  it  is  highly  desirable  to 
determine  the  ratio  of  the  charge  carried  by  the  particle  to  its 
mass.  Representing  the  charge  by  e  and  the  mass  by  m,  it  is 
well   knowm,  from  the  work  of  J.  J.   Thomson,  that  for   the 

e 
cathode  particle  —  =  10' .     By  observing  the  deviation  in  a 

magnetic   field    Becquerel   showed    that    for    the    j3-particle, 

- —  =  lo^  thus  establishing  the  identity  of  the  /8-rays  with 
m 

the  cathode  rays. 

The  y-rays  areextremeh'  penetrating,  much  more  so  indeed, 
than  the  X-rays  produced  in  a  high-vacuum  tube.  They  are 
not  deviated  appreciably  bj-  a  magnetic  field.  Although  the 
nature  of  the  y-rays  is  not  known,  it  can  be  said  that  they  re- 
semble, in  many  of  their  properties,  very  penetrating  X-rays. 

In  addition  to  the  three  kinds  of  radiation  described  above, 
radium  is  continually  giving  otit  heat  energy  i7i  relatively  large 
quantity.  This  was  showm  in  a  number  of  ways.  Radium 
bromide  was  found  to  maintain  itself  at  a  temperature  above 
that  of  the  surrounding  medium  ;  it  was  found  to  liquefy  con- 
tinuously the  ice  in  an  ice  calorimeter,  thus  permitting  the  de- 
termination of  the  rate  at  which  it  gave  out  heat.  It  was 
show'n  that  i  gram  of  pure  radium,  emits  abotit  too  calories  of 
heat  per  hoiir. 

The  interesting  and  important  question  in  this  connection  is, 
what  is  the  source  of  the  comparatively  large  amount  of  energy 
that  is  being  continually  given  out  by  radium  ?  When  the 
fact  was  first  discovered,  there  was  a  tendency  on  the  part  of 
some  to  rush  to  the  conclusion  that  the  law  of  the  conservation 
of  energy  had  been  overthrown,  but  those  with  scientific  minds 
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looked  about  for  an  explanation  of  this  remarkable  and  unique 
fact.  At  least  two  possible  theories  have  been  proposed.  One 
is  that,  as  the  a-particles  are  absorbed  in  a  thickness  of  radium  of 
less  than  o.ooi  cm.,  most  of  them  would  be  stopped  in  the 
radium  itself  and  their  energy  of  motion  would  be  manifested 
in  the  form  of  heat.  This,  however,  would  not  account  for 
all  the  heat  emitted  by  radium. 

Another  theorj-  is  that  the  radium  atom  is  undergoing  con- 
traction analogous  to  the  sun  and  is,  therefore,  liberating  heat 
energy. 

In  addition  to  the  three  kinds  of  rays  described  above  and 
to  the  heat  energy,  radium  and  other  radioactive  substances 
give  off  an  emanation,  with  distinctive  and  certain  very  re- 
markable properties.  The  emanation  is  driven  out  of  salts  of 
radium  at  an  elevated  temperature  and  is  produced  iyi  these 
salts  after  a  tivie.  It  can  be  condensed  by  immersing  the  tube 
through  which  it  is  passed  in  liquid  air.  It  condenses  at  from 
— 150°  to  — 155°.  Probably  because  such  a  small  quantity  of 
the  emanation  can  be  obtained,  nothing  is  visible  in  the  tube 
at  the  place  where  condensation  occurs,  except  that  the  glass 
becomes  fluorescent  at  this  point.  The  emanation  thus  re- 
sembles a  gas.  Rutherford  has  determined  the  rate  at  which 
it  diffuses  and  from  this  has  calculated  its  approximate 
molecular  weight  to  be  about  100.  The  emanation  is,  therefore, 
not  radium  itself,  as  the  latter  has  an  atomic  weight  of  at 
least  225  and  probably  higher. 

The  emanation  given  off  by  radium  and  other  radioactive 
substances  is  tinsiable.  It  is  itself  highly  radioactive  and  is 
the  chief  source  of  the  heat  liberated  by  radium.  Its  most 
remarkable  property,  however,  is  that  it  yields  helium  as  one  of 
its  decompositio7i-prod7icts .  This  was  established  by  Sir  Wil- 
liam Ramsay  and  Mr.  Soddy  and  has  subsequently  been  con- 
firmed by  others.  This  is  the  first  a7ithentic  example  on  record 
of  one  elei?te7itary  form,  of  matter  being  produced  from  another. 

Several  theories  have  been  proposed  to  account  for  radioac- 
tivity. On  the  whole,  the  most  probable  view  seems  to  be 
that  held  by  Rutherford  himself,  but  before  taking  up  this 
one  or  two  additional  facts  must  be  mentioned. 

If  a  solution  of  a  uranium  salt  is  precipitated  by  ammo- 
nium carbonate  and  an  excess  of  the  reagent  added,  most  of 
the  precipitate  dissolves,  but  the  slight  residue  is  strongly 
radioactive.  The  substance  is  called  uranium  X.  In  a  some- 
what similar  manner  thorium  X  was  obtained  from  thorium. 
The  uranium  X  and  the  thorium  X  are  highly  radioactive 
and    the    uranium    and     thorium,    after    these    constituents 
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have  been  separated,  are  nearly  inactive.  The  uranium  X  and 
thorium  X,  however,  soon  lose  their  radioactivity,  while  the 
comparatively  inactive  uranium  and  thorium  regahi  theirs  after 
a  time  and  from  them  new'  quantities  of  radium  X  and  thorium 
X  can  be  separated.  Another  matter  of  interest  is  that,  the  loss 
of  activity  by  uraniian  X  and  thorium  X proceeds  at  the  savie  ?'ate 
as  the  gain  iri  activity  by  the  inactive  uratiium  and  thorium. 
With  these  facts  in  mind  we  can  now  understand  Rutherford's 
theor}-  of  radioactivity .  ' '  The  atoms  of  the  radio-elements  suflFer 
spontaneous  disintegration,  each  disintegrated  atom  passing 
through  a  succession  of  well-marked  changes,  accompanied,  in 
most  cases,  by  the  emission  of  a-rays. 

"  The  expulsion  of  an  a-particle,  of  mass  about  twice  that  of 
the  hydrogen  atom,  leaves  behind  it  a  new  system,  lighter  than 
the  original  one,  and  possessing  chemical  and  physical  proper- 
ties quite  different  from  those  of  the  original  element.  The 
new  system  again  becomes  unstable  and  expels  another  a-parti- 
cle. The  process  of  disintegration,  once  started,  proceeds  from 
stage  to  stage,  one  or  more  a-particles  being  projected  until 
the  last  stages  are  reached,  when  the  /5-  and  y-rays  appear. 

''  The  term  7«e/a<5^/(9«  has  been  suggested  as  a  convenient  ex- 
pression for  each  of  these  changing  atoms,  derived  from  the 
successive  disintegration  of  the  atoms  of  the  radio-elements. 
Each  metabolon,  on  an  average,  exists  only  for  a  limited  time. 
The  various  metabolons  from  the  radio  elements  are  distin- 
guished from  ordinar\'  matter  b}-  their  great  instability  and, 
consequently,  rapid  rate  of  change.  Since  a  body  which  is 
radioactive  must,  ipso  facto,  be  undergoing  change,  it  follows 
that  none  of  the  active  products,  for  example,  the  emanations 
and  thorium  X,  can  consist  of  any  known  kind  of  matter  ;  for 
there  is  no  evidence  to  show  that  inactive  matter  can  be  made 
radioactive,  or  that  two  forms  of  the  same  element  can  exist, 
one  radioactive  and  the  other  not." 

The  radioactive  elements  are,  then,  undergoing  decomposi- 
tion as  described  above,  giving  out  the  three  kinds  of  rays, 
emitting  heat  energy  and  forming  an  emanation  which  is  also 
unstable.  This  likewise  undergoes  decomposition,  giving 
radioactive  rays,  emitting  large  quantities  of  heat  and  yield- 
ing, as  one  of  its  decomposition-products,  the  element  helium. 

Harry  C.  Jones. 

Anai^yticai.  Chemistry.  By  F.  P.  TreadweIvL,  Ph.D.,  Professor  o^ 
Analytical  Chemistry  in  the  Polytechnic  Institute  of  Zurich.  Trans- 
lated with  the  author's  permission  from  the  second  German  edition  by 
W 1 1,1,1  AM  T.  Hai,l,  S.B.,  Instructor  in  Chemistry,  Massachusetts  In- 
stitute of  Technology.  Vol.11.,  Quantitative  Analysis.  First  edition, 
first  thousand.  New  York  :  John  Wiley  &  Sons.  1904.  8vo.  pp.  xii 
+  654.     96  figures.     Price,  cloth  S4.00. 

The  first  volume  of  this  work,  "  Qualitative  Analysis,"  was 
reviewed  in  an  earlier  number.^ 

1  This  JouR>f.\L,  30,  244. 
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When  a  chemist  examines  a  book  on  quantitative  analysis 
he  must  needs  compare  it  with  the  standard — with  the  book 
which  we  all  studied — the  great  text-book  of  Fresenius.  Many 
of  us  have  desired  a  book  which  should  retain  the  valuable 
characteristics  of  "  Fresenius"  and  avoid  its  prolixity,  its  con- 
fused arrangement,  its  repetition  and  its  retention  of  methods 
of  doubtful  value.  Above  all,  we  have  desired  a  work  which 
should  encourage  the  student  to  think,  instead  of  blindly  fol- 
lowing "  the  directions  in  the  book."  This  volume  supplies 
these  needs. 

Mr.  Hall's  translation  is  excellent  ;  he  has  had  the  advice 
and  assistance  of  Professors  Fay,  Moore  and  Gill  and  he  was 
permitted  to  use  the  notes  which  Professor  Treadwell  has  col- 
lected for  his  third  edition. 

As  an  example  of  the  simplicity  of  the  book,  I  quote  the 
treatment  of  magnesium  and  the  alkaline  earth  metals.  For 
magnesium,  determinations  as  sulphate,  oxide  and  pyrophos- 
phate, with  special  attention  to  the  method  of  Gibbs  and  that 
of  Newbauer. 

For  calcium,  precipitation  as  oxalate,  weighing  as  oxide  ; 
determination  as  sulphate,  as  carbonate.  For  strontium,  de- 
termination as  sulphate,  as  oxide.  For  barium,  determination 
as  sulphate,  as  chromate. 

Separations  :  Ca  from  Mg  and  alkalies  ;  precipitation  of  Ca 
as  oxalate.  Ba  from  Mg  ;  precipitation  of  Ba  as  sulphate. 
Sr  from  Mg  ;  precipitation  of  Sr  as  sulphate.  Ba,  Sr,  Ca,  or 
Sr  and  Ca  from  Mg  ;  precipitation  of  earths  as  oxalates  and 
removal  of  traces  of  Ba  and  Sr  from  filtrate  by  precipitation  as 
sulphate.  Separation  of  Ba,  Sr,  Ca  ;  treatment  of  nitrates  with 
alcohol-ether,  dissolving  residue  in  water  and  precipitation  of 
Ba  as  chromate,  of  Sr  as  sulphate.  Professor  Treadwell  thinks 
that  all  other  methods  give  incorrect  results  and  does  not  men- 
tion them. 

As  an  example  of  completeness  and  of  improved  methods, 
consider  those  for  determining  vanadium  ;  precipitation 
of  vanadic  acid  from  solution  of  sodium  vanadate  ;  {a)  Rose's 
method  by  mercurous  nitrate  ;  {U)  Roscoe's method  by  lead  ace- 
tate. Methods  for  separation  of  vanadic  from  arsenic  acid, 
from  phosphoric  acid  ;  of  vanadium  from  molybdenum  ;  analy- 
sis of  vanadinite  ;  determination  of  vanadium  in  pig  iron  ; 
Hillebrand's  separation  of  vanadium  and  chromium  in  iron 
ores. 

As  examples  of  volumetric  methods,  determinations  of  per- 
carbonates,  of  persulphates,  of  hydroxylamines  by  perman- 
ganate and  many  other  new  and  improved  processes. 


Reviews.  213 

The  chapter  on  gas  analj'sis  is  excellent.  Indeed  this  is  a 
most  admirable  book  ;  it  should  be  examined  by  all  teachers 
and  chemists  interested  in  quantitative  analysis.  H.  R. 

Die  Beziehungex  zwischen  ^^Jquivalentvo lumen  und  Atom- 
GEWICHT.  Ein  Beitrag  zur  Festigung  und  Vervollstandigung  des 
periodischeu   Systems   der   Elemenle.     Von  Dr.  W.  Borchers,  Geh. 

Regierungsrat,  Professor  der  Metallurgie  uud  Vorstand  des  Instituts  fiir 
Metallhiittenwesen  und  Elektrometallurgie  an  der  kouigl.  techn. 
Hochschule  zu  Aachen.  Halle,  a.  S.  :  Verlag  von  Wilhelm  Knapp. 
1904.     pp.  13.     Price,  M.  .So. 

In  this  little  pamphlet  the  author  brings  out,  in  an  interest- 
ing manner,  certain  relationships  between  the  atomic  weights 
of  the  elements  and  their  equivalent  volumes.  B}^  this  term  is 
meant  the  volume,  in  cubic  centimeters,  which  is  occupied  b}^  the 
weight,  in  grams,  of  a  substance  in  the  solid  form  which,  when 
ionized,  can  carry  a  charge  of  96540  Coulombs.  The  work  of 
Lothar  Meyer  and  Seubert,  who  plotted  curves  showing  regu- 
larly recurring  maxima  and  minima,  is  familiar  to  all  chemists. 
Borchers  obtains  a  similar  "  wave  system  of  especially  remark- 
able regularity."  As  might  be  expected,  the  curve  is,  in  general, 
much  like  that  of  Meyer  and  Seubert,  although,  as  Borchers 
points  out,  he  had  to  introduce  a  third  factor — valence — in  addi- 
tion to  the  atomic  weight  and  specific  gravity  which  were  taken 
into  account  by  the  earlier  w^orkers.  In  all  cases  the  maxi- 
mum valence  was  chosen  in  making  the  calculations,  though 
the  alteration  produced  in  the  curve  when  the  other  possible 
valences  of  copper,  silver  and  gold  w'ere  taken  into  account, 
are  unimportant. 

Because  his  curve  is  so  regular,  Borchers  thinks  that  the  con- 
clusions drawn  from  it  should  be  correspondingly  reliable.  He 
predicts  that  new  elements  will  be  discovered  to  occupy 
vacancies  at  certain  points  on  his  curves.  Among  others  are 
two  new  alkali  metals,  one  liquid  and  the  other,  perhaps,  gas- 
eous. 

The  pamphlet  is  an  interesting  contribution  to  the  literature 
of  the  Periodic  System.  C.  E.  w. 

The  Chemical  Engineer,  Vol.  I.,  No.  i,  November,  1904.  Allentown, 
Pa.  :  The  Chemical  Engineer  Publishing  Co.     Price,  I3.C0  per  annum. 

The  nature  of  this  publication  is  sufficiently  indicated  by  its 
title.  The  number  includes  articles  by  Messrs.  Shimer  and 
Blair.  An  index  is  also  provided  which,  it  is  stated,  will  in- 
clude the  title  and  an  indication  of  the  contents  of  all  papers 
on  applied  chemistr}-  published  in  other  journals.  In  view  of 
the  scope  of  the  "Journal  of  the  American  Chemical  Society," 
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and  of  the  "  Journal  of  the  Society  of  Chemical  Industry,"  a 
new  publication,  covering  essentially  the  same  ground,  will 
have  to  justify  its  existence  by  some  features  of  peculiar 
excellence.  Unfortunately,  T/ie  Chemical  Engineer  entirely 
fails  to  do  this :  the  good  papers  it  contains  would  have 
found  ready  acceptance  elsewhere  and  the  others  ought 
not  to  be  printed.  The  proprietor  cannot  be  congratulated 
on  his  proof-reader,  the  report  of  the  New  York  meet- 
ing of  the  Society  of  Chemical  Industry  is  a  wonderful 
jumble  of  inaccuracies  and  will  certainly  not  conduce  towards 
the  object  of  the  journal,  which,  in  the  words  of  itsanonj^mous 
editor,  is  to  "  be  useful."  j.  b.  t. 

ChEMISCHE  NoviTATEN,  Jahrgang  I.,  Number  i,   Oct.  15,  1904.     Leip- 
zig :  Gustav  Foch.     Price,  M.  2.50  per  annum. 

This  little  monthly  publication  is  devoted  to  the  bibliography 
of  recently  published  works  on  pure  and  applied  chemistry  and 
chemical  technology.  The  present  number  contains  an  inter- 
esting article  by  Prof.  Ostwald,  on  the  "  History  of  Chemical 
Text-books."  Subsequent  numbers  will  include  contributions 
from  President  Remsen,  Gehemrat  Ehrlich  and  Professor 
Arrhenius.  J.  b.  t. 
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ON   BILIRUBIN,   THE   RED   COLORING-MATTER  OF 
THE  BILE. 

By  W.  R.  Orndorffand  J.  E.  Teeple. 

I.  Preparation  and  Analyses  of  Bilirubin. 

All  the  bilirubin  used  in  this  work  was  obtained  from  ox- 
gallstones  furnished  by  Armour  &  Co.,  of  Chicago.  We  de- 
sire to  express  our  thanks  to  this  firm  for  their  kindness  and 
our  appreciation  of  the  interest  they  have  taken  in  the  investi- 
gation, during  which  we  have  used  over  a  pound  of  the 
stones.  Nearly  all  of  them  were  bilirubin  calcium  stones, 
very  few  were  composed  of  calcium  carbonate  and  none  were 
cholesterin  stones.  After  being  removed  from  the  gall-bladder, 
they  were  drained,  dried  at  100°  and  then  sent  to  us.  The 
method  of  separation  of  the  bilirubin  from  the  gallstones  first 
adopted  was  to  thoroughly  dry  the  stones  at  100°,  powdei  and 
sift  through  a  30-mesh  sieve,  extract  with  ether  in  a  Soxhlet 
apparatus   until   exhausted    (12-20   hours),    dry    again    and 
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exhaust  with  chloroform  in  the  same  way  (30-40  hours). 
The  material  was  then  dried  once  more  to  remove  the 
chloroform,  placed  in  a  large  evaporating  dish  and  extracted 
with  successive  portions  of  boiling,  distilled  water  until 
exhausted.  This  method  of  procedure  removed  fat,  leci- 
thin, cholesterin,  uncombined  bilirubin  and  other  bile  pig- 
ments soluble  in  ether  or  chloroform  and  bile  or  other  sub- 
stances soluble  in  water.  The  material  remaining,  which  had  a 
deep  red  color,  was  then  digested  for  several  hours  with  ex- 
cess of  very  dilute  hydrochloric  acid,  washed  by  decantation 
until  the  filtrate  ceased  to  give  any  reaction  either  for  calcium 
or  for  chlorides  ;  dried  thoroughl)'^  and  extracted  in  a  Soxhlet 
apparatus,  first  with  ether  (2  hours),  then  with  absolute  al- 
cohol, until  the  alcoholic  filtrate  had  only  a  faint  yellow  color, 
(6  hours)  and  finally  with  pure  chloroform  until  exhausted 
(125  hours).  Fresh  chloroform  was  used  every  8  hours  and 
all  extractions  and  other  work  with  this  solvent  and  bilirubin 
were  done  in  a  photographic  dark-room. 

The  chloroform  extracts,  containing  the  bilirubin,  were  con- 
centrated by  distilling  off  the  excess  of  chloroform  on  the 
water-bath,  the  bilirubin  was  precipitated  by  absolute  alcohol 
and  the  mixture  heated  on  the  water-bath  until  most  of  the 
chloroform  had  been  removed.  The  alcohol  was  then  de- 
canted and  the  precipitated  bilirubin  boiled  repeatedly  with 
absolute  alcohol  until  exhausted,  in  order  to  remove  the  so- 
called  biliverdin,  biliprasin,  bilifuscin  and  any  other  soluble 
material. 

The  product  thus  obtained  was  found  not  to  be  completely  so\n- 
ble  in  chloroform,^  though  it  left  no  ash  when  burned  and  the 
amount  which  did  not  go  into  solution  was  very  small.  It  was 
therefore  boiled  with  large  quantities  of  chloroform,  in  succes- 
sive portions,  the  solution  filtered  twice,  to  remove  suspended 
matter,    concentrated,     precipitated    with    absolute    alcohol, 

'  In  nearly  all  prolonged  extractions  with  the  Soxhlet  apparatus  we  found  that 
the  extracted  material  was  not  entirely  soluble  in  the  solvent  used.  This  is  probably 
due  to  some  of  the  substance  being  carried  over  mechanically. 
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washed  with  alcohol,  filtered,  dried  and  if  not  completely  solu- 
ble in  chloroform,  the  process  was  repeated. 

With  one  lot  of  gallstones  the  following  results  were  ob- 
tained :  130  grams  of  the  stones,  dried  at  100°,  gave  8  grams 
of  ether  extract,  5.2  grams  of  chloroform  extract,  9.5  grams  of 
water  extract,  20  grams  of  hydrochloric  acid  extract,  i.i  grams 
of  ether  extract,  2  grams  of  alcoholic  extract  and  22.5  grams 
of  the  crude  bilirubin.  The  residue  (about  60  grams)  con- 
sisted of  the  so-called  bilihumin. 

Some  of  the  product,  completely  soluble  in  chloroform,  was 
then  recrystallized  twice  from  dimethylaniline  (b.  p.  ig2°.2— 
192°. 8).  This  specimen  crystallized  in  beautiful  reddish-yel- 
low, minute  needles  and,  under  the  microscope,  appeared  per- 
fectly homogeneous  and  free  from  amorphous  matter.  A  mix- 
ture of  2  parts  chloroform  and  i  part  dimethylaniline  gave 
even  better  crystals  (see  Fig.  III.).  Chloroform  solution  of 
quinine  was  also  found  to  dissolve  large  quantities  of  the  bili- 
rubin, which  separated  in  crystals  nearly  as  good  as  the  pre- 
ceding ones. 

Analyses  : 

1.  Bilirubin  crystallized  twice  from  dimethylaniline,  com- 
pletely soluble  in  chloroform  and  leaving  no  ash,  dried  at  i2o°- 

0.269  gram  bilirubin  gave  17.7  cc.  N/io  NH3  or  0.02485  gram 
N.  Kjeldahl-Gunning  method,  modified  to  include  nitrogen 
of  nitrates,  as  adopted  by  the  Association  of  Ofiicial  Agricul- 
tural Chemists,  1898.^ 

2.  Same  product  and  method  as  No.  i.  Digested  three- 
quarters  of  an  hour  longer  than  No.  i.^ 

0.3444  gram  bilirubin  gave  22.7  cc.  N/io  NH3  or  0.03187 
gram  N. 

3.  Product  like  No.  i,  but  a  different  preparation.  First 
reduced  the  bilirubin  with  zinc  and  sulphuric  acid  and  then 

1  Bulletin  46  (revised)  U.  S.  Department  of  Agriculture,  Division  of  Chemistry,  p. 
17- 

-  Analyes  i  and  2  were  made  by  Professor  G.  W.  Cavanaugh,  Chemist  of  the  Agri- 
cultural Experiment  Station  at  Cornell  University,  to  whom  we  wish  to  express  our 
thanks. 
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used  the  Kjeldahl- Gunning  method,  adopted  also  by  the  As- 
sociation of  Official  Agricultural  Chemists,  Product  dried  at 
125°. 

0.2977  gram  bilirubin  gave  19.07  cc,  N/io  NH3  or  0.02679 
gram  N. 

4.  Product  like  No.  i,  but  a  different  preparation.  First 
reduced  the  bilirubin  by  the  action  of  FJ.^  and  H^O  (Chenel'), 
then  used  the  Kjeldahl-Gunning  method.  Product  dried  at 
125°. 

0.2158  gram  bilirubin  gave  14.12  cc.  N/io  NH3  or  0.01982 
gram  N, 

5.  Product  like  the  preceding  ones  but  a  different  prepara- 
tion (Dumas  method).  Carbon  dioxide  generated  in  a  Kipp 
apparatus  from  marble  that  had  been  thoroughly  boiled  in 
water  to  expel  air.  Carbon  dioxide  ran  three  to  four  hours 
to  expel  all  air.     Product  dried  at  130°. 

0.2208  gram  bilirubin  gave  19.2  cc.  N,  732  mm.  (cor.)  and 
24°-5. 

6.  Same  product  and  method  as  No.  5. 

0.1728  gram  bilirubin  gave  15.25  cc.  N,  729.8  mm.  (cor.) 
and  26°. 

7.  Mixture  of  what  remained  of  products  3  to  6  (Dumas 
method).  Carbon  dioxide  generated  from  boiled,  supersatura- 
ted sodium  bicarbonate  solution  and  boiled,  dilute  sulphuric 
acid. 

0.1659  gram  bilirubin  gave  14.2  cc.  N,  733.95  mm.  (cor.) 
and  25°. 8. 

8.  Product  recrystallized  from  dimethylaniline,  not  com- 
pletely soluble  in  chloroform  but  leaving  a  negligible  residue, 
dried  at  130°.  Dumas  method,  using  magnesite  and  heating 
it  in  a  separate  combustion  tube,  on  a  short  furnace.  The 
copper  oxide  and  the  copper  spiral  were  heated  for  some  time 
in  a  current  of  carbon  dioxide  and  allowed  to  cool  in  this  gas, 
in  order  to  get  rid  of  occluded  air,  hydrogen,  or  carbon  mon- 
oxide.' 

1  Bull.  Soc.  Chira.,  1S92,  (i),  p.  321. 

2  Following  a  suggestion  of  Prof.  H.  N.  Morse  of  the  Johns  Hopkins  University. 
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0.1659  gram  bilirubin  gave  14.2  cc.  N,  748.8  mm.  (cor.) 
and  27°.' 

9.  Product  precipitated  from  chloroform  by  alcohol,  com- 
pletely soluble  in  chloroform,  dried  at  130°.  Same  method  as 
No.  8. 

0.2084  gram  bilirubin  gave  17.45  cc.  N,  742  mm.  (cor.)  and 

10.  Same  product  as  No.  9,  method  as  given  in  Gattermann. 
Employed  a  copper  spiral,  which  was  reduced  in  methyl  alco- 
hol and  then  heated  in  a  current  of  carbon  dioxide  before 
use,  to  expel  occluded  hydrogen  or  carbon  monoxide. 

0.2050  gram  bilirubin  gave  0.5048  gram  CO^  and  o.  1133 
gram  H.O. 

11.  Same  product  as  No.  8.     Same  method  as  No.  10. 
0.2336  gram  bilirubin  gave  0.5761   gram  CO.^  and  0.1248 

gram  H,0. 

12.  Same  product  as  Nos.  9  and  10.  Method  of  Benedict,^ 
using  a  weighed  amount  of  rock  candy  to  furnish  the  reduced 
copper.     Dried  at  140°. 

0.2594  gram  bilirubin  and  0.1270  gram  sugar  gave  0.8300 
gram  COj  and  0.2078  gram  H2O.  COj  from  the  sugar  ;  calcu- 
lated 0.1960  gram;  HjO  from  the  sugar  ;  calculated  0.07355 
gram,  leaving  0.6340  gram  COj  and  0.13425  gram  HjO  from 
the  bilirubin. 

13.  Same  product  and  method  as  No.  12. 

0.3025  gram  bilirubin  and  0.1348  gram  sugar  gave  0.9504 
gram  CO.^  and  0.23995  gram  H^O.  CO^  from  the  sugar,  cal- 
culated 0.2080  gram  ;  H2O  from  the  sugar  ;  calculated  0.07805 
gram,  leaving  0.7424  gram  COj  and  o.i6i9gram  H^O  from  the 
bilirubin. 

14.  Same  product  as  Nos.  9,  10,  12  and  13.  Analysis  made 
by  Prof.  Benedict,  using  his  own  method. 

0.1504  gram  bilirubin  and  0.1126  gram  sugar  gave  0.54 11 
gram  COj  and  0.1543  gram  H^O.  CO^  from  the  sugar  ;  calcu- 
lated 0.1737   gram;  Kfi  from  the  sugar;  calculated  0.0652 

1  Analysis  No.  7  was  made  Feb.  23,  1901  ;  analysis  No.  8  April  27,  1901. 

2  This  Journal,  23,  343.  According  to  Benedict,  the  reduced  copper  spiral,  as  or- 
dinarily used,  might  contain  enough  carbon  dioxide  or  other  carbon  compound  to 
vitiate  the  results. 
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gram,  leaving  0.3674  gram  CO3  and  0.0891  gram  H^O  from  the 
bilirubin. 

15.  Same  product  and  method  as  No.  14.  Anal}' sis  made 
by  Prof.  Benedict. 

0.1512  gram  bilirubin  and  0.1017  gram  sugar  gave  0.5253 
gram  COj  and  0.1409  gram  H2O;  CO^  from  the  sugar ;  calcu- 
lated 0.1569  gram;  H.jO  from  the  sugar;  calculated  0.0589 
gram,  leaving  0.3684  gram  CO^  and  0.0820  gram  H^O  from  the 
bilirubin. 

16.  Same  product  as  No.  14  and  15.  Determination  made 
by  method  used  in  cases  in  which  the  nitrogen  is  in  the  un- 
oxidized  condition.^ 

0.1245  gram  bilirubin  gave  0.2990  gram' COj  and  0.0675 
gram  H,0. 

The  sugar  used  in  experiments  14  and  15  gave  the  following 
results  : 

0,2026  gram  gave  0.3123  gram  CO,  and  o.  1181  gram  H^O. 


Calculated. 


Found. 


c 

42.07 

42.04 

H 

6.49 

6.50 

Summary  0) 

^  Results.^ 

No. 

Nitrogen 

No. 

Carbon.             ] 

Hydrogen. 

I 

9.24 

10 

67-15 

6.18 

2 

9-25 

II 

67.25 

5-99 

3 

9.10 

12 

66.66 

5.80 

4 

9.19 

13 

66.93 

5-99 

5 

9-36 

14 

66.62 

6.63(?) 

6 

9-39 

15 

66.45 

6.07 

7 

9.17 

16 

65.5o(?) 

6.07 

8 

9-31 

9 

9.16 

Nitrogen.        Carbon. 

Hydrogen. 

Averages* 

9.24         66.84 

6.02 

Calculated  for  Ci^H 

isNA 

9.81         67.08 

6.34 

( (           1  ( 

Cs^H^ 

,eN,0, 

9.17         66.61 

5-94 

1  This  Journal,  23,  337. 

*  Tube  broke  before  completion  of  the  analysis. 

3  The  international  atomic  weights  (O  =  i5)  have  been  used  throughout  this  paper. 

*  The  percentages  of  carbon  in  No.  16  and  hydrogen  in  No.  14  are  omitted  in  this 
average. 
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The  above  analyses  were  made  on  seven  different  prepara- 
tions, by  three  men,  using  seven  variations  of  methods  for  de- 
termining the  nitrogen  and  three  modifications  for  the  carbon 
and  hydrogen.  The  more  refined  and  accurate  the  method  of 
analysis  used,  the  greater  seemed  to  be  the  divergence  from 
the  percentages  required  for  the  formula  CjgHjgNjOg.  In  the 
earlier  stages  of  this  work  we  thought  that  the  bilirubin  might 
be  impure.  To  obtain  a  pure  product  we  therefore  used  every 
precaution  that  had  ever  been  suggested,  besides  some  addi- 
tional ones.  Most  of  the  determinations  were  made  with  crys- 
tallized products,  which  appeared  perfectly  homogeneous  when 
examined  under  the  microscope.  No  amorphous  matter  could 
be  detected  in  the  mass  of  crystals  and  only  one  kind  of  crys- 
tals was  present.  These  all  had  the  same  extinction  angle. 
The  bilirubin,  precipitated  from  chloroform  by  alcohol,  the 
product  which  Stadeler  and  Maly  analyzed,  gave  us  practically 
the  same  results  as  the  crystallized  products  such  as 
Kiister  and  von  Zumbusch  analyzed.  Analysis  No.  i  was 
made  on  the  first  crystals  and  No.  5  on  the  last  ones  from 
the  same  dimethylaniline  with  successive  portions  of  bilirubin 
dissolved  in  it.  There  was,  therefore,  no  evidence  of  a  frac- 
tional separation  from  this  solvent.  We  sometimes  noticed 
when  dissolving,  in  chloroform,  a  product  precipitated  from 
chloroform  by  alcohol,  that  one  portion  of  the  material  seemed 
to  dissolve  more  readily  than  another,  but  we  attributed 
this  to  difierences  in  the  mechanical  state  of  division.  So  far 
as  we  could  determine,  the  finer  particles  of  the  bilirubin  went 
into  solution  in  the  chloroform  first,  leaving  the  coarser  ma- 
terial undissolved. 

From  the  descriptions  of  bilirubin  given  in  the  literature, 
our  products  compared  very  favorably,  in  purity,  with  the  best 
that  any  previous  investigators  had  obtained  and  the  analyses 
certainly  indicated  this. 

DiflBculties  in  analyzing  such  substances  are  frequently  en- 
countered, for  example,  von  Zumbusch^  states  that  he  could 
get  no  ammonia  at  all  from  bilifuscin  by  any  of  the  Kjeldahl 

1  Z.  physiol.  Chetn.,  31,  454. 
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methods,  although  the  compound  gave  over  8  per  cent  of  nitro- 
gen by  the  absolute  method.  This  appears  all  the  more  aston- 
ishing in  view  of  the  fact  that  he  found  he  could  deter- 
mine the  amount  of  nitrogen  in  bilirubin  by  the  Kjeldahl 
method.  Nencki  and  Zaleski'  found  that  haemin  and  haema- 
toporphyrin  require  heating  for  hours  at  a  white  heat  to  give 
off  all  the  nitrogen  and,  when  analyzed  by  the  Kjeldahl  method, 
the  digestion  must  be  continued  for  some  hours  after  the 
fluid  is  decolorized.  We  expected  to  find  such  difficulties 
here  and  after  the  first  two  analyses,  by  the  Kjeldahl  method, 
had  failed  to  give  the  amount  of  nitrogen  required  by  the 
formula  CigHj^N^Oj,  we  tried  all  the  methods  mentioned 
above.  Bilirubin  is  very  resistant  to  the  usual  analytical 
treatment.  Prolonged  heating  at  a  high  temperature,  using  a 
Jena  glass  combustion  tube,  is  essential  to  obtain  all  the  nitro- 
gen by  the  Dumas  method  and  vigorous  reduction  and  lengthy 
digestion  with  sulphuric  acid  and  potassium  sulphate,  after  the 
fluid  has  been  decolorized,  are  necessary  in  determining  the 
nitrogen  by  the  Kjeldahl  method.  Notwithstanding  all  these 
precautions,  however,  none  of  the  determinations  had  given 
as  much  as  9.4  per  cent  of  nitrogen  (while  the  theory  de- 
manded 9.81  per  cent)  and  we  were  satisfied  that  there  was  no 
more  than  this  in  the  substance.  L,ikewise,  in  the  carbon  and 
hydrogen  determinations,  we  regarded  those  made  by  Bene- 
dict's method  as  most  accurate  because  there  were  fewer 
sources  of  error.  The  average  of  these  results,  including  those 
made  by  Professor  Benedict  and  our  own,  was  C  66.66  and 
H  5.98  per  cent ;  the  theory  for  CjgHjgN^Oa  required  67.08  and 
6.34  per  cent,  respectively. 

As,  therefore,  we  had  no  reason  to  suspect  the  analytical  re- 
sults and  as  our  product  seemed  homogeneous  and  as  pure  as 
those  of  previous  investigators,  we  examined  all  the  anal- 
yses of  bilirubin  which  had  been  published  and  upon  which 
was  based  the  commonly  accepted  formula,  CigHigN^Os.  first 
ascribed  to  it  by  Stadeler,  in  1864.  The  following  are  the  re- 
sults of  all  the  analyses  published  between  that  time  and  1902  : 

'  Z.  physiol.  Chem.,  30,  387. 
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In  Hoppe-Seyler's  "  Handbuch  der  physiol.  und  pathol. 
chemischen  Analyse/'  H.  Thierfelder,  seventh  edition,  p.  287, 
the  following  statement  occurs  :  ' '  Die  Zusammensetzung  und 
die  Eigenschaften  des  Bilirubins  sind  von  Stadeler  festgestellt 
worden.  Maly  hat  diese  Angaben  bestatigt  und  die  Analysen 
von  Hoppe-Seyler  lassen  gleichfalls  keinen  Zweifel  an  der 
Richtigkeit  der  Stadelerschen  Formel."  We  have  been  un- 
able to  find  any  record  of  these  analyses  of  Hoppe-Seyler. 

The  greatest  difference  between  our  results  and  the  theo- 
retical values  for  the  formula  CjgHjgNjOa,  occurs  in  the  nitro- 
gen, where  it  amounts  to  6  per  cent  of  the  total.  Examining 
the  previous  nitrogen  determinations,  we  find  that  Stadeler 
based  his  formula  on  but  one  and  that  by  the,  now  obsolete, 
"  soda-lime"  method.  Thudichum's  results  vary  too  widely 
to  carry  much  weight  and  only  one  of  his  nitrogen  deter- 
minations was  made  by  the  absolute  method,  their  average, 
however,  is  still  lower  than  ours.  Maly  did  not  determine  the 
nitrogen  in  the  bilirubin  he  analyzed.  Kiister's  four  values 
for  nitrogen  are  all  much  higher  than  the  theory  requires 
(from  3  to  17  per  cent  of  the  total)  and  only  the  last  of  his 
three  products  was  both  completely  soluble  in  chloroform  and 
free  from  ash.  Von  Zumbusch's  analysis,  by  the  Kjeldahl 
method,  agrees  with  ours.  A  comparison  of  the  averages  of 
all  analyses,  on  products  completely  soluble  in  chloroform  and 
free  from  ash,  with  the  averages  found  by  us,  shows  them  to 
be  practically  identical. 

We  were,  therefore,  convinced  that  bilirubin,  the  pigment  oc- 
curring in  ox-gallstones,  soluble  in  chloroform,  alkalies  and 
dimethylaniline,  practically  insoluble  in  alcohol,  ether  and 
petroleum  ether,  prepared  by  any  of  the  methods  heretofore 
used,  did  not  have  the  composition  represented  by  the  formula 
CjjHjgNjOj.  These  results  were  published  in  July,  1901,  in  a 
preliminary  paper,'  with  the  provisional  statement  that  they 
agreed  better  with  the  formula  C3^H3gN^O,  than  with  any  other. 

In  consequence  of  the  publication  of  our  work  Kiister^  was 
led  to  re-examine  the  pigment  (April,  1902).     Working  with 

1  This  Journal,  26,  86. 

'  Ber.  d.  chcm.  Ges.,  35,  1268. 
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a  large  quantity  of  material,  1000  grams  of  the  dried  ox-gall- 
stones and  200  grams  of  biliary  concrement  obtained  from  a 
horse,  he  was  able  to  demonstrate  that  what  has,  hitherto,  been 
called  bilirubin  is  a  mixture  of  «/  /easi  two  substances,  differing 
only  in  their  degree  of  solubility  in  chloroform  and  in  their 
percentage  composition.  He  also  states  in  a  foot-note,  "Die 
Resultate  von  OrndorfE  und  Teeple  (Amer.  Chem.  Jour.,  26, 
87)  erklaren  sich  vielleicht  durch  einen  Gehalt  ihres  Bilirubins 
an  leichter  loslichen  Farbstoff." 

For  the  product  least  soluble  in  chloroform  he  retains  the 
name  bilirubin  and  his  analyses  of  this  compound,  recrystal- 
lized  from  dimethylaniline,  give  results  which  now  agree  re- 
markably well  with  those  demanded  by  the  formula  CigHjgNgOj, 
though  he  unfortunately  omits  all  analytical  data.  The  more 
soluble  compound  he  was  not  able  to  obtain  pure,  but  he  found, 
in  a  general  way,  from  the  products  which  he  analyzed,  that  it 
contained  less  nitrogen  and  usually  less  carbon,  than  the  sub- 
stance for  which  he  retains  the  name  bilirubin. 

As  stated  above,  we  had  repeatedly  observed  these  differ- 
ences in  the  solubility  of  the  various  products  in  chloroform, 
but  had  attributed  them  to  differences  in  the  mechanical  state 
of  division  of  the  products,  supposing  that  the  finer  material 
dissolved  and  left  the  coarser.  We  now  repeated  the  work 
and  were  able  to  confirm  Krister's  statement  regarding  the 
presence  of  two  substances  in  the  chloroform  extract  which 
differed  only  in  the  degree  of  their  solubility  in  this  solvent.  Our 
method  of  obtaining  the  bilirubin  from  the  gallstones  was  the 
same  as  Kiister's,  except  that  we  subjected  the  material  to  an 
exhaustive  extraction  with  alcohol  before  treatment  with 
chloroform  and  that  we  did  not  deem  it  wise,  in  extracting, 
to  use  such  small  amounts  of  chloroform  that  the  bilirubin 
separated  in  crusts,  nor  did  it  seem  best  to  crystallize  the 
material  from  a  solvent  with  a  boiling-point  so  high  as 
that  of  dimethylaniline.  We  therefore  exhausted  the  material 
with  large  amounts  of  chloroform,  filtered  ,  distilled  off  a  part  of 
the  solvent  on  the  water-bath  and  allowed  the  liquid  to  cool 
slowly.  The  crystalline  product,  which  separates  after  stand- 
ing for  a  day  or  two,  was  filtered,  boiled  with  alcohol  and  re- 
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peatedly  recrystallized,  in  the  same  manner,  from  large  amounts 
of  chloroform.  This  method  gives  a  perfectly  pure  crystalline 
product,  entirely  free  from  the  material  more  soluble  in  chloro- 
form. It  has,  of  course,  the  disadvantage  that  large  quanti- 
ties of  chloroform  are  required.  The  product,  however,  is 
much  superior  to  that  obtained  in  any  other  way.  The  analyses 
were  made  with  bilirubin  obtained  in  this  way  and  dried  to  con- 
stant weight  at  123°  : 

1.  0.1438  gram  substance  gave  12.5  cc.  Nat  20^.5  and  753.8 
mm.  (cor.)  Absolute  method.  Carbon  dioxide  from  magne- 
site. 

2.  0.1557  gram  substance  gave  13.3  cc.  N  at  19°. 8  and 
749.5  mm.  (cor.)  Absolute  method.  Carbon  dioxide  from 
magnesite. 

3.  0.1592  gram  substance  gave  10.9  cc.  of  N/ 10  ammonia. 
Kjeldahl-Gunning  method  after  first  reducing  with  zinc  dust 
and  sulphuric  acid,^ 

4.  0.1607  gram  substance  gave  11. 18  cc.  of  N/io  ammonia. 
Kjeldahl-Gunning  method  after  first  reducing  with  Pjl^  and 
water. 

Summary. 


No. 

Nitrogen. 

I 

9.83 

2 

9-65 

3 

9.60 

4 

9-77 

Calculated  for  C.Jii^'N.fi^ 

9.81 

These  results,  together  with  those  recently  published  by 
Kiister,  show,  beyond  all  doubt,  that  the  formula  of  the  com- 
pound less  soluble  in  chloroform  is  C^HigNjOs  and  that  all 
analyses  recorded  up  to  1902  were  made  on  a  mixture  of  this 
less  soluble  bilirubin,  with  a  small  amount  of  another  substance 
closely  resembling  it  in  all  respects,  except  that  it  contained  a 
lower  percentage  of  nitrogen  and  was  more  soluble  in  chloro- 
form. 

Whether  the  pure  bilirubin  thus  isolated  occurs  in  fresh  bile 
is  unknown.^ 

I  This  analysis  was  made  for  us  by  Professor  G.  W.  Cavanaughof  the  Agricultural 
Experiment  Station  at  Cornell  University. 

'  Fi'rf^  Thudichum  :  Virchow's  Arch.,  156,  384  (1900). 
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2.  Properties  of  Bilirudiu. 

a.  Crystallization  and  Crystal  Form. — Amorphous  bilirubin, 
precipitated  from  chloroform  by  alcohol,  is  red,  when  cr5^s- 
tallized  from  dimethylaniline  or  chloroform  the  color  is  deep- 
red  ;  the  thinner  crystals,  observed  under  the  microscope,  are 
yellowish-red  by  transmitted  light. 

Bilirubin  has  weak  acidic  properties,  somewhat  like  those  of 
the  phenols ;  it  dissolves  readily  in  dilute  solutions  of  the  alka- 
lies and  alkaline  carbonates,  more  slowly  in  concentrated  solu- 
tions, particularly  of  the  alkaline  carbonates.  Carbon  dioxide 
precipitates  it,  almost  completely,  in  the  amorphous  form,  from 
solution  in  dilute  alkalies.  The  chloroform  solution  of  the 
pigment  is  completely  decolorized  by  shaking  with  dilute 
alkali  solution.  Solution  of  bilirubin  in  ammonia  does  not  re- 
duce ammoniacal  silver  nitrate  even  when  boiled,  indicating 
that  the  substance  does  not  contain  an  aldehyde  group. 

Bilirubin  may  be  crystallized  from  dimethylaniline,  from  a 
mixture  of  dimethylaniline  and  chloroform,  or,  best,  from  chloro- 
form alone.  The  crystals  from  dimethylaniline  are  usually 
cigar  shaped^  and  incompletely  formed,  those  from  a  mixture 
of  dimethylaniline  and  chloroform  are  more  perfect  (see  Fig. 
III.).  If  the  bilirubin  has  been  carefully  purified  from  the 
more  soluble  product,  the  best  crystals  may  be  obtained  from 
chloroform  (see  Figs.  I.,  II.  and  IV. ).^  The  older  statement 
that  bilirubin  crystallizes  best  from  impure  solutions  is  cer- 
tainly wrong.  When  perfectly  pure,  a  drop  of  a  chloroform 
solution  of  bilirubin,  allowed  to  evaporate  spontaneously,  de- 
posits nothing  but  crystallized  material.  Two  specimens,  crys- 
tallized from  chloroform,  were  submitted  to  Prof.  A.  C.  Gill, 
of  the  Mineralogical  Department  of  Cornell  University, 
who  reports  as  follows  :  "  The  crystals  are  colum- 
nar in  shape,  with  the  end  faces  almost  at  right  angles  to 
the  direction  of  elongation.  They  are  monoclinic  or  triclinic, 
probably  the  former,  as  judged  from  the  very  indefinite  optical 
figure  in  converged  polarized  light.     They  have  an  extinction 

1  Vide  Kiister  :  Z.  physiol.  Chem.,   36,  325  for  an  illustration  of  these  crystals, 
s  We  desire  to  express  our  thanks  to  Prof.  S.  H.  Gage,  of  Cornell  University,  for 
these  four  photographs. 
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angle  of  g°-io°,  show  high  double  refraction  and  slight  pleo- 
chroism.  The  color  of  the  thinnest  crj^stals  is  orange-yellow, 
that  of  the  thickest  brick-red.  The  material  seemed  to  be  en- 
tirely crystalline,  as  no  amorphous  matter  was  observed.  All 
the  crystals  have  the  same  extinction  angle,  which  also  indi- 
cates that  they  are  probably  monoclinic,  the  columnar  shape 
being  due  to  the  development  of  the  prism."  When  a  drop 
of  a  saturated  solution  of  pare  bilirubin,  in  chloroform,  is  al- 
lowed to  evaporate  on  a  microscope  slide,  part  of  the  crys- 
tals formed  are  rectangular  tablets,  like  those  described  above, 
the  remainder  consists  of  long  elliptical  needles,  the  whole 
field  (plates  and  needles),  however,  has  the  same  extinction 
angle. 

With  regard  to  the  crystals  from  a  mixture  of  dimethylani- 
line  and  chloroform.  Dr.  Gill  reports  as  follows  :  "  The  crys- 
tals form  stout  needles  or  elongated  columns,  having  an  orange- 
5'ellow  color  and  showing  a  distinct,  but  not  strong,  pleochro- 
ism.  The  ends  are,  in  some  cases,  sharply  terminated  by 
faces,  inclined  about  60°  to  the  direction  of  elongation.  Most 
of  these  crystals  do  not  extinguish  between  crossed  Nicols, 
thus  indicating  a  strong  dispersion  or,  more  likely,  a  twin 
structure,  which  is  not  apparent  from  their  external  form. 
Some  of  those  with  broken  ends  show  strong  double  refraction 
and  sharp  extinction,  at  an  angle  varying  from  2°. 5  to  12°. 
The  crystals  are  either  monoclinic  or  triclinic,  as  shown  by 
this  extinction  angle. ' ' 

d.  Solubility. — Thudichum  gives  the  solubility  of  bilirubin 
as  I  in  586  parts  of  chloroform,  while  Kiister  found  it  to  be  i  : 
567.  Neither  investigator  describes  his  method  of  determin- 
ing the  solubility  or,  indeed,  gives  any  details.  Pure,  crystal- 
lized bilirubin  dissolves  very  slowly  in  chloroform,  even  when 
boiled  for  some  time.  In  order  to  prepare  a  saturated  solu- 
tion we  found  it  was  best  to  boil  the  bilirubin  with  chloroform 
(using  an  upright  condenser)  for  8-12  hours,  filter,  distil  off 
a  portion  of  the  solvent  on  the  water-bath  and  let  the 
liquid  stand  till  next  day.  Crystals  of  bilirubin  slowly 
separate   and   rise   to   the    surface.      If   the   amount  of  bili- 
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Fig.  I.— Bilirubin  crystallized  from  chloroform.     Magnified  390  times. 
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Fig.  II. — Bilirubin  crystallized  from  chloroform.     Magnified  390  times. 
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Fig.  Ill  — ^Bilirubin  crystallized  from  a  mixture  of  dimethylaniline  and  chloroform. 
Magnified  330  times. 
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Fig.  IV.— Bilirubin  crystallized  from  chloroform  by  cooling  very  slowly.    Magnified 

330  times. 
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rubin  present  in  this  solution  be  determined  by  removing 
the  crystals  and  evaporating  a  weighed  quantity  of  the  filtrate 
to  dryness  on  the  water-bath,  the  solubility  will  be  found  to  be 
very  nearly  the  same  as  given  by  Thudichum  and  Kiister,  pro- 
vided the  solution  has  only  stood  in  contact  with  the  crystals 
a  few  hours.  This  does  not,  however,  represent  the  true  solu- 
bility of  bilirubin  in  chloroform,  for,  when  the  liquid  is  al- 
lowed to  stand  longer  in  contact  with  the  crystals,  more  are 
deposited,  showing  that  the  solution  is  still  supersaturated. 
The  condition  of  equilibrium  is  not  reached  for  several  days  at 
least.  The  following  results  were  obtained  by  the  method  de- 
scribed above.  After  the  mixture  had  stood  the  required  length 
of  time,  a  small  portion  of  the  solution  was  filtered  from  the  crys- 
tals, weighed,  evaporated  to  dryness  on  the  water-bath  and  the 
residual  bilirubin  also  weighed.  The  remainder  of  the  solu- 
tion was  allowed  to  stand  in  contact  with  the  crystals  for 
several  days  longer,  when  another  portion  was  treated  in  the 
same  manner.     The  solubility  was  determined  at  23°  : 


Time  the  solu- 

Weight  of 

Weight  of 

Experi 

-  tion  stood  with 

the  solution 

bilirubin  in 

Solubility, 

ment. 

crystals. 

in  grams. 

grams. 

I  part  in 

Days. 

I 

I 

32 

.42 

0.0479 

676 

6 

23. 

•259 

0.0263 

884 

2 

5 

26, 

.83 

0.0303 

884 

12 

20, 

.902 

0.0208 

1004 

3 

10 

39. 

886 

0.0409 

974 

We  attempted  to  get  a  saturated  solution  of  bilirubin  in 
chloroform  by  boiling  0.3  gram  of  pure,  crystallized  material, 
for  4  hours,  with  45  grams  of  chloroform,  in  a  reflux  appara- 
tus. After  filtering  the  cold  solution  we  found  that  29.534 
grams  of  it  gave  0.0296  gram  bilirubin,  corresponding  to  i 
part  in  997  parts  of  chloroform. 

In  order  to  avoid  the  formation  of  supersaturated  solutions 
we  endeavored  to  determine  the  solubility  of  the  bilirubin  in 
chloroform  by  shaking  the  two  in  sealed  tubes.  The  follow- 
ing results  were  obtained  by  Mr.  F.  C.  Robinson,  to  whom  we 
wish  to  express  our  thanks  : 
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Weight  of 

Weight  of 

solution  in 

bilirubin  in 

Solubility, 

Time  of  contact.                  grams. 

grams. 

I  part  in 

10  days  shaking  and 

3  days  standing         11.12 

0.00286 

3887 

10  days  shaking  and 

34  days  standing        2.97 

0. 001 15 

2582 

Temperature,  20°.  i. 

From  these  results  it  will  be  seen  that  the  tendency  of  bili- 
rubin to  form  supersaturated  solutions,  in  chloroform,  is  very 
great  and  that  the  determination  of  its  solubility  in  this  medium 
is  a  matter  of  considerable  difficulty. 

Chloroform  solution  of  anhydrous  quinine  dissolves  much 
larger  quantities  of  bilirubin  than  chloroform  alone,  and  when 
the  solution  evaporates  spontaneously,  fairly  good  crystals  are 
deposited,  some  being  well  formed,  others  imperfect,  like  those 
from  dimethylaniline.  The  bilirubin  may  also  be  precipita- 
ted from  the  chloroform-quinine  solution  by  absolute  alcohol. 

We  endeavored  to  determine  the  molecular  weight  of 
pure  bilirubin  in  the  chloroform-quinine  solution  by  the  ebullio- 
scopic  method,  but  without  success,  as  the  addition  of  bili- 
rubin caused  no  perceptible  rise  in  the  boiling-point  of  the 
solution,  probably  because  the  bilirubin  combined  with  the 
quinine  and  so  did  not  increase  the  number  of  molecules 
present. 

When  bilirubin  is  fused  with  potassium  hydroxide  it  gradu- 
ally dissolves,  forming,  finally,  a  colorless  liquid  and  evolving 
small  amounts  of  ammonia  and  of  a  pyrrol  derivative,  as  was 
shown  by  the  fact  that  the  vapors  slowly  turned  red  litmus 
paper  blue  and  reddened  a  pine  splinter,  which  had  been 
moistened  with  hydrochloric  acid. 

J.  Attempts  to  Determine  the  Presence  of  Alkyloxy  and  Alkyl- 
imide  Groups  in  Bilirubin. 
Bilirubin  does  not  contain  an  alkyloxy  group,  as  was  shown 
by  the  fact  that,  when  treated  with/wre  hydriodic  acid,  ac- 
cording to  the  Zeisel  method'  for  determining  alkyloxy  groups, 
the  amount  of  silver  iodide  formed  was  practically  unweigha- 
ble. 

1  Monats.  Chem.,  6,  989. 
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Attempts  to  determine  whether  it  contains  an  alkylimide 
group,  by  Herzig  and  Meyer's'  method,  by  heating  with  hy- 
driodic  acid  and  ammonium  iodide,  did  not  result  so  decisively. 
The  sources  of  error  in  the  method  itself  are  so  considerable 
that  the  authors  acknowledge  it  to  be  unreliable  where  the 
molecular  weight  of  the  substance,  in  which  the  alkylimide 
group  is  to  be  determined,  is  larger  than  600.  We  show, 
later,  that  the  molecular  weight  of  bilirubin  is  572.  The 
following  are  the  results  which  we  obtained  : 


No. 

Weight  of 
bilirubin. 

Weight  sil- 
ver iodide. 

Per  cent 
CH3. 

Theory  for  one 
CH3  group  in 
C32H36N4O0. 

I 

0.3125 

0.1200 

2.46 

2.62 

2 

0.2845 

O.IOI8 

2.29 

3 

0.2912 

0.0966 

2.12 

4 

0.2338 

0.0515 

1. 41 

5 

O.I92I 

0.0267 

0.89 

Products  I  and  2  were  crystallized  from  dimethyl- 
aniline  ;  they  were  prepared  in  the  same  way  as  products  i,  2 
and  3,  the  results  of  the  analysis  of  which  are  given  on  p.  217. 
Apparently  they  are  not  entirelj^  free  from  the  substance  more 
soluble  than  bilirubin,  containing  a  smaller  amount 
of  nitrogen;  they  may  have  contained  a  little  dimethyl- 
aniline,  though  they  were  dried  at  120°  before  being 
analyzed.  Product  No.  3  was  precipitated  from  chloroform 
solution  by  alcohol  and  was  the  same  as  products  9  and  10, 
the  results  of  the  analysis  of  which  are  given  on  p.  219.  It 
was  dried  at  130°  before  analysis.  Products  4  and  5  were  pure 
bilirubin,  carefully  crystallized  from  chloroform  and  dried  at 
123°  ;  they  were  the  same  products  as  those,  i,  2,  3  and  4, 
analyses  of  which  are  given  on  p.  219.  The  purest  products 
give  the  smallest  percentages  for  the  methyl  group  and  all  the 
results  are  below  the  value  required  for  one  methyl  group  to 
the  molecule  CsjHjgN^Og.  It  is  highly  probable,  therefore, 
that  pure  bilirubin  does  not  contain  a  methylimide  group, 
though  the  method  seems  hardly  accurate  enough  to  decide 
this  point  absolutely,  in  the  case  of  a  compound  with  such  a 
large  molecular  weight. 

1  Monats.  Chem.,  15,  613. 
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^.  Reduction  of  Bilirubhi. 

a.  With  Zinc  Dtcst. — Bilirubin  (1.2  grams)  was  thoroughly 
mixed  with  zinc  dust  (25  grams),  by  grinding  in  a  mortar  and 
the  mixture  carefully  heated  in  a  current  of  hydrogen,  in  a 
hard-glass  combustion  tube,  to  which  was  attached  a  Peligot 
tube  surrounded  by  ice-water.  Greenish-yellow  vapors  were 
evolved,  which  partially  condensed  to  a  yellow  liquid  in  the 
Peligot  tube.  They  had  an  alkaline  reaction  and  reddened  a 
pine  splinter  moistened  with  hydrochloric  acid. 

When  passed  through  solution  of  mercuric  chloride  they 
gave  a  precipitate  which  had  all  the  characteristics  of  haemo- 
pyrrol-mercuric  chloride  ;  it  dissolved  completely  in  alcohol 
containing  hydrochloric  acid  and  this  solution  rapidly  became 
colored  and  showed  the  urobilin  spectrum. 

Part  of  the  yellow  liquid  dissolved  in  water  and  gave  a 
white  precipitate  with  Nessler's  reagent.  On  standing,  this 
yellow  liquid  changed  to  a  dark-brown  resinous  mass  and  the 
Peligot  tube  acquired  a  very  marked  odor  of  an  old  pipe.  All 
these  properties  indicate  that  the  yellow  liquid  contained 
haemopyrrol,  which  was  also  obtained,  later,  by  the  reduction 
of  bilirubin  with  nascent  hydriodic  acid. 

b.  With  Sodium  Amalgam. — Considerable  quantities  of  bili- 
rubin (over  4  grams)  and  various  bilirubin  residues  were  re- 
peatedly reduced  with  sodium  amalgam,  according  to  Stadeler 
and  Maly's^  directions.  The  product  resulting  agreed,  gener- 
ally, in  properties  with  Maly's  so-called  hydrobilirubin  ;  it  gave 
the  same  absorption  band,  the  characteristic  reaction  with  zinc 
chloride  and  the  specific  reaction  with  iodic  acid  described  by 
Capranica.'^  It  did  not  seem  to  us,  however,  to  be  a  uniform 
substance  and  exhibited  somewhat  different  properties  when 
slight  changes  were  made  in  the  method  of  preparation.  We 
found  it  impossible  to  purify  the  material  by  recrystallization 
from  any  solvent  and  consequently  no  further  work  was  done 
with  it.  Incidentally,  it  was  noticed  that  the  addition  of  bro- 
mine water  to  an  aqueous  alcoholic  solution  of  the  ' '  hydro- 

1  Ann.  Chem.  (L,iebig),  i6i,  368  ;  163,  77. 

2  Jahres.  Thierchemie,  la,  302. 
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bilirubin"    decolorized  the  solution  and  gave  a  very  volumi- 
nous yellow  precipitate. 

c.  With  Nascent  Hydriodic  Acid. — Nencki  and  Zaleski^  ob- 
tained haemopyrrol,  CsHjgN,  by  reducing  acethaemin,  and 
Neucki  and  Marchlewski^  made  the  same  product  from  phyllo- 
cyanin,  a  derivative  of  chlorophyll,  thus  establishing  a  very 
close  relationship  between  the  blood  and  plant  coloring-matters. 
Later,  Kiister^  found  that  Morner's  /?-haeminal  so  gave  haemo- 
pyrrol, when  reduced  by  Nencki' s  method.  In  all  these  cases 
the  substances  were  reduced  by  heating,  in  glacial  acetic 
acid  solution,  with  hydriodic  acid  (sp.  gr.  1.96)  and  phospho- 
nium  iodide. 

As  bilirubin  is,  in  all  probability,  derived  from  the  haemo- 
globin of  the  blood,  we  naturally  expected  to  obtain  haemo- 
pyrrol from  it  by  reduction.  Our  experiments  on  the  reduc- 
tion of  bilirubin  with  zinc  dust  had  shown,  indeed,  that 
haemopyrrol  could  also  be  obtained  from  bilirubin,  but  this 
method  only  gave  a  small  yield  and  the  product  was  hardly 
pure  enough  for  analysis. 

In  determining  the  nitrogen  in  bilirubin,  by  the  Kjeldahl- 
Gunning  method,  we  found  that  a  previous  reduction  with 
phosphorus  tetraiodide  and  water  (the  Chenel  method)  was 
essential  in  order,  subsequently,  to  obtain  complete  oxida- 
tion by  the  sulphuric  acid,  within  any  reasonable  length  of 
time.  Supposing  that  the  bilirubin  was  here,  also,  reduced  to 
haemopyrrol,  we  made  a  numberof  experiments  with  acethaemin 
to  perfect  the  method  and  compare  the  results  with  Nencki' s. 

The  best  procedure  was  the  following  :  Phosphorus  (2 
grams)  was  dissolved  in  carbon  disulphide  (about  20  cc.) 
in  a  long-necked  Kjeldahl  flask*  and  iodine  (16  grams)  was 
added  slowly,  in  small  portions,  shaking  thoroughly  after  each 
addition  until  solution  is  complete.     When  all  the  iodine  has 

1  Ber.  d.  chem.  Ges.,  34,  1003. 

2/*i'<f.,  34,  1689. 

^  Ibid..  35,  2953. 

*  Chenel  recommends  the  use  of  the  phosphorus  and  iodine  in  the  ratio  of  i  :6,  but 
we  obtained  better  results  when  we  used  i  :  8,  nearly  those  theoretically  required  for 
the  compound  P0I4.  If  Chenel's  directions  are  followed,  a  separation  of  amorphous 
phosphorus  often  occurs  when  the  compound  is  decomposed  with  water. 
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been  added  and  is  combined  with  the  phosphorus,  the  carbon 
disulphide  is  distilled  at  as  low  a  temperature  as  possible 
and  the  last  traces  of  it  removed  from  the  crystals  of  phos- 
phorus tetraiodide  by  a  current  of  dry  air.  Add  the 
acethaemin  (0.2-0.5  gram)  and  mix  thoroughly  by  shaking 
with  the  phosphorus  tetraiodide  which  is  then  decom- 
posed by  hot  water  (8-10  cc. ).  The  flask  is  heated 
on  the  water-bath  for  2-3  minutes,  thoroughly  shaken, 
and  the  liquid  prevented  from  foaming  over,  by  cooling,  if 
necessary.  Hydriodic  acid  and  phosphonium  iodide  are  formed 
and  rapidly  reduce  the  substance,  which  goes  completely  into 
solution,  yielding,  finally,  a  light  yellow  liquid.  After  cool- 
ing, the  solution  is  diluted  with  a  little  water,  partly  neutral- 
ized with  sodium  carbonate  and  enough  sodium  acetate  solution 
added  to  combine  with  the  remaining  acids,  leaving  only  a 
small  amount  of  acetic  acid  free.  The  mixture  is  then  distilled 
in  a  current  of  carbon  dioxide,  the  distillate  being  collected  in 
solution  of  mercuric  chloride.  The  precipitate  of  mercury 
haemopyrrol  mercuric  chloride,  (CgHi2N),Hg.(HgCl3)^,  is  fil- 
tered, washed  with  water,  dried  over  sulphuric  acid  and 
weighed. 

Analysis  by  Nencki  and  Zaleski's'  method  : 

0.2742  gram  mercury  compound  gave  0.2089  gram  HgS. 

Percentage  of  mercury  found  65.66 

Computed  for  (C,Hi,N),Hg.(HgCl,),  65.45 

This  indicates  that  the  product  formed  by  this  method  of  re- 
duction, is  identical  with  the  haemopyrrol  obtained  by  Nencki 
and  his  co-workers  from  acethaemin  and  phyllocyanin  and  by 
Kiister  from  /8-haemin.  This  was  also  indicated  by  the  fact 
that  solutions  of  the  compound  turn  red  on  standing  and  then 
show  the  very  distinct  and  characteristic  absorption  band,  the 
"  urobilin"  spectrum,  exactly  as  solutions  of  haemopyrrol  do. 

If  we  assume,  with  Kiister,^  that  the  molecule  of  haematin 
consists  of  two  parts,  as  shown  in  the  scheme 

R— R^— Fe— R'— R 

1  Eer.  d.  chem.  Ges.,  34,  1003. 

-  Ann.  Chem.  (Liebig),  315,  184  (1900). 
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and  that  only  the  radicals  R  are  converted  into  haemopyrrol 
by  reduction,  or  into  the  haematinic  acids  by  oxidation,  as 
haemopyrrol  and  the  haematinic  acids  come  from  the  same  part 
of  the  molecule,^  then  i  molecule  of  acethaemin  should  yield, 
on  reduction,  2  molecules  of  haemopyrrol,  or  i  molecule  of 
the  mercuric  chloride  double  salt,  (CgHj2N)jHg.(HgClj)^,  that 
is,  I  gram  of  acethaemin  should  yield  2.345  grams  of  the  mer- 
curic derivative,  or  0.3773  gram  of  haemopyrrol.  The 
best  yield  we  obtained  was  as  follows:  0.54  gram  acethae- 
min gave  0.53  gram  of  the  mercuric  chloride  double  salt,  which 
is  equivalent  to  42  per  cent  of  the  theoretical  amount. 

Kiister*  states  that  he  obtained  2  grams  of  the  mercury  com- 
pound from  5  grams  of  the  j8-haemin,  equivalent  to  0.7  gram 
of  haemopyrrol.  One  of  these  figures  is  evidently  a  misprint, 
for  the  2  grams  of  mercury  compound  correspond  to  17.45  per 
cent  of  the  amount  required  by  theory,  while  the  0.7  gram 
of  haemopyrrol  is  equivalent  to  37.9  per  cent  of  the  theo- 
retical. Nencki  and  Zaleski^  once  obtained  32  per  cent  of 
the  calculated  amount,  on  the  assumption  that  each  molecule 
of  acethaemin  yields  4  molecules  of  haemopyrrol.  They  do 
not  give  the  weight  of  the  mercury  compound  obtained,  how- 
ever and  so  it  is  impossible  to  recalculate  their  results. 

The  reason  why  a  larger  j'ield  of  haemopyrrol  is  not  ob- 
tained, is  undoubtedly  due  to  the  fact  that  it  polymerizes 
or  oxidizes  so  readily.  If  we  attempt  to  distil  the  haemo- 
pyrrol with  steam,  instead  of  using  carbon  dioxide,  the  liquid 
rapidly  darkens,  a  resinous  mass  precipitates,  and  the  yield 
is  much  diminished.  The  liquid  from  which  the  haemopyrrol 
has  been  distilled  then  shows  a  very  pronounced  ' '  urobilin' ' 
absorption  band.  This  same  change  takes  place  very 
rapidly  when  the  haemopyrrol  solution  is  allowed  to 
stand,  so  that  it  is  advisable  to  distil  off  the  haemopyrrol  as 
soon  as  the  reduction  of  the  acethaemin  is  completed.  This 
polymerization  or  resinifying  of  the  haemopyrrol  takes  place, 
to  some  extent,  whatever  precautions  are  taken  to  prevent  it, 
as  the  liquid  left  in  the  distillation-flask  always  shows  the 

1  Ber.  d.  chem.  Ges.,  35,  2953  (1902), 

2  Ibid.,  35,  2953  (1902). 

3  Ibid.,  34,  1006. 
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"  urobilin"  absorption  band.  Various  unsuccessful  attempts 
were  made  to  precipitate  the  haemopyrrol  mercury  compound 
directly  from  the  filtered  solution,  without  distilling. 

The  filtrate  from  the  mercury  derivative  gradually  turns  red 
on  standing  and  the  liquid  then  shows  the  "  urobilin"  absorp- 
tion band.  It  is  evident,  therefore,  that  the  haemopyrrol  is  not 
completely  precipitated  from  solution  by  the  mercuric  chlo- 
ride.    This  would  also  diminish  the  yield  of  haemopyrrol. 

Some  residues  from  the  precipitation  of  bilirubin  from  chloro- 
form by  alcohol,  which  had  a  marked  red  color,  though  they 
may  have  contained  some  biliverdin  and  some  of  the  compound 
more  soluble  in  chloroform,  were  reduced  according  to  the 
method  described  above.  To  0.34  gram  of  the  residue  we  used 
3.4  grams  of  phosphorus  and  27.2  grams  of  iodine  and  obtained 
a  very  light  yellow  solution.  When  this  was  partly  neutral- 
ized with  sodium  carbonate,  sodium  acetate  added  and  distilled 
in  a  current  of  carbon  dioxide,  the  distillate  gave  a  precipitate 
with  mercuric  chloride  exactly  like  that  resulting  from  the 
acethaemin.  The  liquid  remaining  in  the  flask  also  became 
dark  colored — almost  black — on  standing  and  showed  the 
"urobilin"  spectrum.  When  the  precipitate  with  the  mer- 
curic chloride  solution  was  examined,  it  was  found  to  be  differ- 
ent from  the  haemopyrrol-mercuric  chloride  precipitate  obtained 
from  the  acethaemin.  Only  a  small  part  of  it  was  soluble  in 
alcoholic  hydrochloric  acid,  whereas  the  haemopyrrol-mercuric 
chloride  precipitate  completely  dissolves.  The  solution  of  the 
mercuric  chloride  compound  in  the  alcoholic  hydrochloric  acid 
behaved  exactly  like  that  of  the  haemopyrrol-mercuric  chloride 
compound,  however,  rapidly  becoming  colored  and  showing 
the  "  urobilin"  spectrum.  The  amount  of  the  precipitate  was 
small  and  the  greater  part  was  evidently  not  the  haemopyrrol- 
mercuric  chloride  derivative.  Similar  precipitates  were  ob- 
tained from  pure  bilirubin,  from  the  compound  more  soluble  in 
chloroform,  from  the  green  "biliverdin"  and  also  from  the 
"  bilihumin,"  the  residues  in  the  Soxhlet  thimble  after  ex- 
traction with  chloroform.  All  these  substances  seem  to 
yield  small  quantities  of  haemopyrrol  on  reduction.  Bilirubin 
is  much  more  resistant  to  the  action  of  reducing  agents  than 
acethaemin. 
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5.  Azo  Compounds  of  Bilirubin. 

Ehrlich^  found,  in  1883,  that  benzenediazonium  sulphonate 
reacts  very  readily  with  bilirubin,  the  product  being  red 
in  neutral,  weakly  alkaline,  or  faintly  acid  solutions. 
With  strong  hydrochloric  acid  it  is  beautifully  blue  and  in 
strong  alkalies  greenish-blue.  None  of  the  other  pigments 
found  in  the  bile  gave  this  reaction.  In  1900  Proscher''  com- 
bined bilirubin  with  acetophenonediazonium  chloride  and  iso- 
lated the  product,  which  he  named  acetophenoneazobilirubin. 

As  it  was  highly  probable,  from  our  work  on  the  reduction 
of  bilirubin,  that  it  was  a  derivative  of  pyrrol,  we  expected  to 
get  here  two  compounds,  a  monazo  and  a  disazo  derivative, 
as  O.  Fischer  and  Hepp^  had  found  to  be  the  case  with  pyrrol 
and  its  homologues.  Investigation  soon  showed  that  this  sup- 
position was  correct.  By  means  of  these  compounds  we  hoped 
to  be  able  to  determine  the  molecular  weight  and  formula  of 
bilirubin. 

Tribromaniline  was  the  base  selected  from  which  to  make 
the  diazonium  compound,  as  the  amount  of  bromine  which  it 
contains  is  so  large  that  it  is  very  easy,  by  simply  making  a 
bromine  determination,  to  distinguish  between  the  monazo 
and  the  disazo  derivatives.  If  the  formula  of  bilirubin  is 
CigHjgNjOg,  we  should  expect  the  tribromdiazonium  salt  to 
combine  with  it  in  accordance  with  the  following  equations  : 

(1)  C,H,Br3N,HS0,  +  Q^H.^NA     - 

CeH,Br3N,C,,H„N,03  +  H,SO, 

(2)  2CeH,Br3N,HSO,  +  C,H,,N,03     = 

(C,H,Br3N,),C,,H,,NA  +  2H,S0„ 
while,  if  the  molecule  of  bilirubin  is  represented  by  the  for- 
mula CsjHggN^Og,  the  equations  would  be  : 

(3)  C,H,Br3N,HS0,  +  C3,H3eNA     = 

C,H,Br3N,C3,H3,N,0,  +  H,SO, 

(4)  2C,H,Br3N,HSO,  +  C3,H3,NA     = 

(C,H,Br3N,),C3,H3,NA  +  2H,S0,. 

1  Z.  anal.  Chem.,  aa,  275  (1883). 
'  Z.  physiol.  Chem.,  ap,  411. 
3  Ber.  d.  chem.  Ges.,  19,  2251. 
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The  formulas  of  the  resulting  compounds,  their  molecular 
weights  and  the  percentages  of  bromine  they  contain  are  shown 
below : 

Percentage 


Formula. 

Molecular  weight. 

of  bromine 

I 

2 

3 

4 

C,,H,„N,03Br3 
C..H,„N,03Br, 
C3,H3,N,0,Br3 
C«H33N,OeBr, 

627.23 
968.16 

913-49 
1254.46 

38.244 

49-55 
26.26 
38.244 

If  the  two  azo  compounds  can  be  shown  to  contain  26.26 
and  38.24  per  cent  of  bromine  respectively,  then  the  formula 
of  bilirubin  must  be  CjjHjgN^Og.  Compounds  i  and  4  contain 
the  same  amount  of  bromine  and  it  is  impossible  to  distinguish 
between  them  by  analysis.  The  molecular  weight  of  4,  how- 
ever, is  double  that  of  i. 

The  tribromaniline  was  made  according  to  the  method  of 
Fritzsche,  as  given  by  Silberstein^  and  also  by  the  one  recom- 
mended by  Jackson  and  Bancroft.^  Both  gave  a  product, 
which,  when  purified,  melted  at  119°  and  was  free  from  other 
bromine  derivatives  of  aniline  as  shown  by  analyses  : 

I.  0.3051  gram  tribromaniline  gave  0.5225  gram  AgBr. 

II.  0.1999  gram  tribromaniline  gave  0.3410  gram  AgBr. 

Calculated  for  Found. 

QHaBrgNHj.  I.  II. 

Br  72.70  72.89  72.60 

Analysis  I.  was  made  by  the  Carius  method  ;  II.  by  heating 
with  lime. 

In  the  earlier  experiments  the  tribromaniline  was  diazotized 
by  means  of  nitrogen  trioxide,  according  to  Silberstein's  direc- 
tions, but  after  the  publication  of  Hantzschand  Jochem's^  arti- 
cle, their  much  superior  method  was  alone  used.  The  tribrom- 
benzenediazonium  acid  sulphate  was  beautifully  crystallized 
and  pure  white.  It  was  dried  over  sulphuric  acid  before 
use.  After  many  trials,  we  found  the  following  to  be  the  best 
method  of  preparation  of  the  azo  compounds  :  dissolve  about  2 
grams  of  pure  bilirubin,  by  heating  with  800-900  cc.  of  chloro- 

1  J.  prakt.  Chem.,  [2],  27,  100  (1883). 

2  This  Journal,  la,  290  (1890). 

»  Ber.  d.  chem.  Ges.,  34,  3337  (igoO- 
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form  in  a  flask  connected  with  a  reflux  condenser,  cool  the 
solution  to  8°  and  add  250  cc.  of  absolute  alcohol.  Then  dis- 
solve about  3.5  grams  of  the  freshly  prepared  tribrombenzenedia- 
zonium  acid  sulphate  in  10-15  cc.  of  cold  distilled  water  and 
add  this  solution  to  the  first  one,  shake  thoroughly,  add  more 
alcohol,  if  necessary,  to  make  a  homogeneous  solution  and  al- 
low to  stand  until  the  liquid  has  assumed  the  room  tempera- 
ture. The  addition  of  the  diazonium  salt  causes  a  marked 
change  in  color,  the  liquid  finally  becoming  deep-red.  Now 
add  a  large  excess  of  distilled  water  ;  the  chloroform  sepa- 
rates, carrying  with  it  the  azo  compounds,  while  the  alcohol 
and  the  excess  of  the  diazonium  salt  dissolve  in  the  water  ;  the 
latter  is  siphoned  oflF  and  the  chloroform  washed  re- 
peatedly with  large  amounts  of  water  in  order  to  remove  the 
alcohol.  During  this  washing  a  precipitate  gradually  forms, 
consisting  chiefly  of  the  monazo  product  which  was  held  in 
solution  by  the  alcohol.  The  chloroform,  after  sepa- 
ration from  the  w^ater,  is  filtered  and  shaken  with  about  500 
cc.  of  2  per  cent  potassium  hydroxide  solution  to  remove  the 
azo  compounds.  A  small  amount  of  tribrombenzene,  formed 
by  the  interaction  of  some  of  the  tribrombenzene  diazo- 
nium acid  sulphate  with  the  alcohol,  remains  in  the  chlo- 
roform. The  potassium  hydroxide  solution  of  the  azo 
compounds  is  separated  from  the  chloroform  and  washed  with 
some  fresh  chloroform  to  remove  all  the  tribrombenzene  ;  the 
azo  compounds  are  then  completely  precipitated  by  adding 
slight  excess  of  dilute  sulphuric  acid,  washed  with  water  by 
decantation,  until  the  wash  water  is  free  from  sulphates,  fil- 
tered and  dried.  During  the  washing  the  wash  waters  remain 
nearly  colorless  until  the  sulphates  are  almost  entirely  removed, 
then  a  little  of  the  azo  compound  seems  to  go  into  solution. 

The  large  excess  of  diazonium  salt  used  was  for  the  purpose  of 
combining  with  all  the  bilirubin  and  also  because  some  of  it  is 
decomposed  by  the  alcohol.  It  was  hoped  that,  by  the  use  of 
a  large  excess  of  diazonium  salt,  it  would  be  possible  to  convert 
the  bilirubin  entirely  into  the  disazo  product.  Some  monazo 
compound  was  always  formed,  however,  no  matter  how  the  con- 
ditions were  varied,  i.i  grams  of  bilirubin  gave  1.8  grams  of 
the  azo  derivatives,  consisting  chiefly  of  the  disazo  product. 
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The  separation  of  the  two  azo  compounds  is  long  and 
tedious.  Ethyl  acetate  gave  the  best  results.  After  several 
trials  we  adopted  the  following  method  :  The  powdered  mix- 
ture of  the  azo  compounds  is  placed  in  a  paper  thimble,  in  the 
Soxhlet  apparatus  and  extracted  with  ethyl  acetate  (free  from 
acetic  acid)  until  soluble  red  compounds  are  removed.  Most 
of  the  monazo  compound  remains  and  the  greater 
part  of  the  disazo  compound  dissolves.  The  extract  is 
filtered,  concentrated,  and,  on  standing,  some  material 
separates  which  consists  chiefly  of  the  monazo  compound; 
it  is  filtered  and  the  evaporation  continued,  removing  the  mon- 
azo compound  each  time  as  it  precipitates,  until,  finally,  the 
material  which  separates  consists  chiefly  of  the  disazo  com- 
pound. It  is  easy  to  distinguish  the  monazo  and  disazo  com- 
pounds, the  former  gives  a  red  and  the  latter  a  beautiful 
purple  color  with  potassium  hydroxide. 

The  solution  remaining  is  evaporated  to  dryness  on  the 
water-bath,  the  residue  powdered  and  redissolved  in  as 
small  an  amount  of  ethyl  acetate  as  possible,  filtered, 
concentrated  (the  monazo  product  being  removed  as  it  sepa- 
rates) and  finally  evaporated  to  dryness.  The  whole  process 
is  then  repeated  until  the  residue  dissolves  completely  in  ethyl 
acetate.  The  product  may  then  be  recrystallized  from  ethyl 
acetate  or  precipitated  from  this  solution  by  means  of 
petroleum  ether.  In  some  cases  we  evaporated  the  ethyl  acetate 
solution  to  dryness,  dissolved  the  residue  in  2  per  cent  potas- 
sium hydroxide,  precipitated  with  dilute  .sulphuric  acid, 
washed  free  from  sulphates,  filtered  and  dried. 

The  pure  monazo  compound  is  nearly  insoluble  in  ethyl 
acetate,  but  in  the  presence  of  the  disazo  product  a  part  of  it 
always  goes  into  solution .  A  fairly  good  separation  can  be 
effected  by  using  chloroform,  but  as  the  monazo  com- 
pound is  more  soluble  in  this  than  in  the  ethyl 
acetate,  the  separation  is  much  slower  and  not  so  complete. 
The  two  azo  compounds  may  also  be  separated  by 
dissolving  them  in  2-3  per  cent  potassium  hydrox- 
ide solution  and  passing  excess  of  carbon  dioxide. 
The    disazo     compound     precipitates     first     leaving     most 
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of  the  monazo  compound  in  solution.  Here  again,  how- 
ever, the  separation  is  not  complete  unless  the  process  is 
repeated  four  or  five  times,  as  some  of  the  disazo  compound  re- 
mains in  the  carbonate  solution  and  some  of  the  monazo  prod- 
uct precipitates.  Of  the  specimens  finally  obtained  for 
analysis,  No.  i  was  purified  by  the  ethyl  acetate  method. 
No.  2  by  dissolving  in  2  per  cent  potassium  hydroxide  and 
precipitating  with  carbon  dioxide,  repeating  the  process  four 
times  and  using  large  volumes  of  alkali.  The  products  were 
dried  at  100°. 

Analytical  results  : 

I.  0.1348  gram  substance  gaveo.1202  gram  AgBr  (Carius). 

II.  0.1070  gram  substance  gave  0.0954  gram  AgBr,  heating 
with  lime. 

0.1640  gram  substance  gave  10.31  cc.  N/io  NH3.  Material 
first  reduced  by  the  Chenel  method,  then  oxidized  by  the 
Kjeldahl- Gunning  method. 


Calculated  for 

C32H34N406(C6HjBr3N5)2. 

I. 

Found. 

II. 

Br 

N 

38.24 
8.95 

37-95 

37-94 

8.83 

An  attempt  was  made  to  obtain  measurable  crystals  of  the 
disazo  compound  from  glacial  acetic  acid,  in  which  it  is  very 
soluble  and  from  which  it  crystallizes  beautifully,  in  large, 
well-formed  rosettes,  easily  visible  to  the  naked  eye. 
The  crystals  were  very  dark,  almost  black,  with  a  peculiar 
bronze  luster.  When  dried,  however,  they  lost  weight 
steadily  for  a  long  time,  even  in  the  water-oven  and  the 
bromine  determinations  invariably  came  a  little  low. 
Whether  this  was  due  to  the  presence  of  acetic  acid  of 
crystallization,  to  the  formation  of  acetyl  compounds,  or  to  loss 
of  bromine  we  were  unable  to  determine.  From  the  slowness 
with  which  the  compound  lost  weight  we  were  inclined  to  re- 
gard it  as  an  acetyl  derivative  of  the  disazo  product.  One 
specimen,  dried  to  constancy  at  112°,  steadily  decreased  in 
weight  during  50  hours  and  had  then  lost  approximately  the 
equivalent  of  4  molecules  of  acetic  acid  to  i  of  the  disazo  com- 
pound.    This  substance  was  analyzed. 
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I.  0.1228  gram  substance  gave  0.1048  gram  AgBr.  Per- 
centage of  bromine  36.31. 

II.  o.  10 1 6  gram  substance  gave  0.0866  gram  AgBr.  Per- 
centage of  bromine  36.27. 

These  values  show  that  the  compound  had  lost  bromine  as 
well  as  acetic  acid,  or  that  all  the  acetic  acid  had  not  been  re- 
moved. At  higher  temperatures  the  loss  was  greater  and  the 
dried  product  was  changed  in  character,  so  that  the  work  with 
it  was  discontinued.  Even  in  the  case  of  the  purest  products 
obtained  from  ethyl  acetate  there  seemed  to  be  a  steady  loss  of 
bromine  if  the  substance  was  heated  for  any  length  of  time 
above  100°. 

The  other  azo  derivative,  which  we  have  called  the  monazo 
compound,  was  obtained  by  collecting  the  material  precipita- 
ting out  of  the  chloroform  solutions  of  the  mixed  azo  prod- 
ucts, when  these  were  washed  with  water,  and  also  the  sub- 
stance deposited  from  the  ethyl  acetate  solutions  of  the 
azo  compounds  during  concentration.  The  mixture  was 
powdered,  placed  in  the  paper  thimble  containing  the  azo 
product  insoluble  in  ethyl  acetate  and  the  whole 
re-extracted  with  ethyl  acetate.  The  extract  was  con- 
centrated and  any  monazo  compound  which  separated  was 
collected  and  again  extracted.  This  process  was  continued 
until  a  product  was  obtained  almo.st  insoluble  in  chloroform  or 
ethyl  acetate,  more  soluble  in  alcohol  and  soluble  in  dilute  alka- 
lies with  a  red  color.  When  a  specimen  dissolved 
in  alkalies  with  a  pure  red  color,  the  solution  giving 
no  absorption  band,'  it  was  assumed  to  be  pure  and  free  from 
the  disazo  derivative,  as  we  found  it  impossible  to  crystallize 
it  from  any  solvent.  Some  of  the  preparations  seemed 
to  be  contaminated  with  a  product  containing  a  smaller 
amount  of  bromine,  possibly  a  decomposition-product  of  the 
monazo  compound  itself  ;  this  could  be  partially  removed  by 
extracting  the  substance  with  alcohol,  but,  if  the  extraction 
were  continued  too  long,  the  monazo  compound  was  dissolved 

1  As  will  be  shown  later,  the  disazo  compound  gives  a  very  marked  and  character- 
istic absorptioti  band  in  acid  or  alkaline  solution,  while  the  monazo  product  gives 
none. 


On  Biliriibin.  243 

and,  in  any  case,  there  was  considerable  loss  of  the  latter 
by  this  method  of  purification.  The  total  amount  of  mon- 
azo  product  which  we  obtained  was  small  and  we  were 
therefore  not  able  to  purify  it  perfectly.  Analyses  of  speci- 
mens dried  at  105°  : 

I.  0.0950  gram  substance  gave  0.0567  gram  AgBr.  Heat- 
ing with  lime. 

II.  0.0814  gram  substance  gave  0.0486  gram  AgBr  (Carius). 

Calculated  for  Found. 

CssHgsXiOelNsCoHsBr,).  I.  II. 

Br  26.26  25.40  25.41 

These  results  show  that  the  compound  must  be  a  monazo 
derivative,  having  the  formula  CjjHjjN^OgCN^CgHjBrj)  and 
hence  that  the  formula  of  bilirubin  itself  must  be  Cj^HjgN^Og. 

Some  products  were  obtained  which  gave  a  higher  percentage 
of  bromine,  but  an  examination  of  their  alkaline  solutions 
showed  the  absorption  band  so  characteristic  of  the  disazo 
product,  hence  these  analyses  were  discarded. 

Several  attempts  were  made  to  prepare  the  monazo  com- 
pound by  mixing  bilirubin  with  the  calculated  amount  of  tri- 
brombenzenediazonium  salt,  but  without  success,  as  a  mixture 
of  the  two  azo  derivatives  was  always  formed.  Even  when 
we  mixed  10  cc.  of  concentrated  hydrochloric  acid  with 
the  chloroform-alcohol  solution  of  2  grams  of  bilirubin, 
before  the  solution  of  the  diazonium  salt  was  added,  the  re- 
sult was  the  same.  We  also  endeavored  to  make  the 
disazo  compound  exclusively,  by  allowing  the  diazonium  salt 
to  remain  in  contact  with  the  bilirubin  solution  over  night,  but 
here  again  a  mixture  of  the  two  azo  compounds  was  alwaj's 
obtained. 

The  results  from  the  analyses  of  the  disazo  product  agree  just 
as  well  with  the  formula  for  the  monazo  derivative, 

C,H,Br3N,C,eH,,NA- 
(see  p.  238)  as  they  do  for  that  of  the  disazo  compound, 

(C,H,Br3N,),C3,H3,NA. 
That  this  product  is  a  disazo  compound,  however,  seems  to  be 
proved  from  the  following  considerations  : 
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1.  It  gives  a  fine  blue  color  with  concentrated  hydrochloric 
or  sulphuric  acid,  the  raouazo  compound  gives  a  red  color  with 
these  reagents.  This  is  in  accord  with  the  statements  made 
by  O.  Fischer  and  E.  Hepp  regarding  the  conduct  of  disazo  and 
monazo  compounds  of  pyrrol  and  its  homologues  towards 
strong  acids. 

2.  The  fact  that  this  product  is  formed  in  largest  quantity 
when  an  excess  of  the  diazonium  salt  is  present,  is  also  an  indi- 
cation that  it  is  a  disazo  and  not  a  monazo  compound. 

3.  We  made  many  unsuccessful  attempts  to  isolate  a  prod- 
uct from  the  mixture  of  the  azo  compounds  containing  more 
bromine  than  this  one. 

As  will  be  seen  from  the  table  on  p.  238,  if  the  disazo  com- 
pound has  the  formula  (C5H2Br3Nj)jC,gH,gNj03,  the  percentage 
of  bromine  would  be  49.55,  whereas  the  highest  percentage 
we  found  in  any  azo  compound  was  only  37.95.  More- 
over, as  shown  above,  by  the  action  of  tribrombenzenedi- 
azonium  acid  sulphate  on  bilirubin  we  obtained  an  azo 
compound  which  contains  25.4  per  cent  of  bromine,  dis- 
solves in  concentrated  hydrochloric  or  sulphuric  acid  with  a  red 
color  and  which  must,  therefore,  be  the  monazo  compound, 

C,H,Br3N,C,,H3,NA. 
As  the  disazo  compound  is  fairly  soluble  in  chloroform  and 
in  ethyl  acetate,  we  endeavored  to  confirm,  by  molecular  weight 
determinations,  the  view  of  its  composition  given  above,  using 
the  Landsberger- McCoy  apparatus  : 

Solvent,  Chloroform. 


Molecular 

Molecular  weight 

Disazo 

Rise  in 

weight 

calculated  for 

product. 

Solution. 

boiling-point. 

found. 

C32H34N40o(CcHoBr3Nj)j. 

Grams. 

cc. 

I-I5 

II. 2 

0°.207 

1289 

1254.46 

(742-741.2 

mm.) 

13-9 

o°.i47 

1463 

17.8 

o°.iZO 

1292 

19-3 

o°.i35 

1 148 

0.9763 

8.6 

0°.207 

1426 

For 

CeHnNsOaCCcHoBrsNa). 

746  mm.) 

12. 1 

o°.i53 

I37I 

627.23 

16.3 

0°.I22 

1276 

23.8 

o°.o86 

1240 

0.526 

II. 8 

o°.079 

1467 

(747-746.9 
mm.) 
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Solvent  Ethyl  Acetate. 

Molecular 
Disazo  product.  Solution.         Rise  in  boiling-point,     weight  found. 

Grams.  cc. 

0.2675  8.4  0.096  1042 

(Bar.  742  mm.) 

These  values  indicate  that  the  disazo  compound  has  a  molec- 
ular weight  of  1254.46,  which  corresponds  to  the  formula 
CajHg^N^OsCCgH^BrgNj)^.  Bilirubin  itself  must,  then,  have  the 
formula  CjjHggN^Og. 

Owing  to  the  very  high  molecular  weight  of  the  disazo  com- 
pound and  the  great  difl&culty  of  dissolving  it,  as  well  as 
its  slight  solubility  in  the  solvents  used,  we  do  not  lay  too 
much  stress  on  these  molecular  weight  determinations;  they  are 
recorded,  however,  just  as  they  were  made  and  the  results 
agree  with  those  obtained  from  the  analyses  of  the  azo  com- 
pounds. Attention  should,  perhaps,  be  called  to  the  fact  that 
these  conclusions  are  in  accord  with  Maly's  on  tri- 
brombilirubin,^  hydrobilirubin  and  on  the  oxidation  of  bili- 
rubin to  biliverdin  and  also  with  Abel's  determinations  of  the 
molecular  weight  of  hydrobilirubin"  by  the  cryoscopic  method. 

According  to  measurements  made  for  us  by  Mr.  I,.  F.  Hawley, 
the  disazo  compound,  in  alcoholic  potassium  hydroxide  solu- 
tion, gave  a  well-defined  absorption  band  between  X=6o6 
and  A  =536.  In  alcoholic  hydrochloric  acid  the  band  was 
between  X  =  573.5  and  X  =  495.5.  The  latter  is  weaker  and 
not  so  well  defined  as  the  former. 

The  following  table  shows  the  differences  observed  between 
the  two  azo  compounds  : 

Disazo  compound,  Monazo  compound, 

C3oH34N40o(C6H2Br3No)2.     CssHssNiOcCCeHoBrgNo). 

Potassium   hydroxide 

(2  per  cent)  Bluish  purple  Red 
Concentrated    hydro- 
chloric acid                        "           "  Purplish-red 
Acids  or  alkalies  Absorption  band     No  absorption  band 
Chloroform  Very  soluble  Slightly  soluble 
Ethyl  acetate  Soluble  Insoluble 
Carbon  disulphide                "  " 
KOH  solution  +  COj  Precipitates  Remains  in  solution 

1  Jahresber.  u.  die  Fortsch.  der  Thierchemie,  5,  193. 
*  Monats.  Chem.,  11,  61  (1890). 
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In  neutral  or  ammoniacal  solution  the  disazo  compound  is 
red  and  these  solutions  show  no  absorption  band. 

Azo  Compounds  Formed  from  Bilirubin  with  Diazonium.  Aceto- 
phenone  Salts. 

As  has  already  been  stated,  Proscher  combined  bilirubin 
with  acetophenone  diazonium  chloride  and  obtained  a  com- 
pound, crystallizing  from  chloroform,  to  which  he  assigned 
the  formula  Q^Jii^J^^O^. 

After  we  discovered  that  tribrombenzenediazonium  acid  sul- 
phate combines  with  bilirubin  to  form  a  monazo  and  a  disazo 
derivative,  we  decided  to  repeat  Proscher' s  work.  The 
method  used  in  making  the  azo  compounds  was  the  same  as 
that  employed  in  making  the  tribrommonazo  and  disazo  prod- 
ucts given  above,  differing  from  Proscher' s  only  in  that  the 
acetophenone  diazonium  acid  sulphate  was  made  by  Hantzsch 
and  Jochem's  method  and  that  it  was  isolated  and  purified  before 
use.  We  found  that  two  azo  compounds  are  also  formed  here, 
one,  the  monazo,  not  very  soluble  in  chloroform  and  practically 
insoluble  in  carbon  disulphide,  the  other,  the  disazo  derivative, 
analyzed  by  Proscher,  quite  soluble  in  these  media.  Some 
of  the  data  given  by  Proscher  differ  slightly  from  ours. 

Carbon  disulphide  is  the  best  solvent  for  the  separation  of 
the  two  azo  compounds.  The  mixture  was  extracted  in  a 
Soxhlet  apparatus  with  carbon  disulphide  until  the  solvent 
runs  off  practically  colorless.  Part  of  it  was  then  distilled  ;  on 
cooling,  crystals  of  the  disazo  compound  separated.  More  crys- 
tals were  obtained  by  further  evaporation.  These  were 
collected  and  re-extracted  with  carbon  disulphide.  Two 
or  three  extractions  and  crystallizations  are  suflScient  to 
obtain  a  pure  product.  After  recrystallizing  from  car- 
bon disulphide  three  times,  thin,  shining  crystals,  1-2  mm. 
in  length,  were  obtained.  These  were  described  by  Pro- 
fessor A.  C.  Gill,  of  the  Mineralogical  Department  of  Cornell 
University,  as  follows  :  ' '  The  substance  crystallizes  in  elon- 
gated, wedge-shaped  plates,  which  are  frequently  aggregated  into 
rosette-like  forms,  red  by  transmitted  light,  somewhat  pleo- 
chroic,  with  purplish  and  yellowish  tinges  to  the  red  ;  oblique 
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extinction  showing  that  they  are  either  monoclinic  or  triclinic. 
In  converged  polarized  light  they  show  that  the  tabular  faces 
are  not  at  right  angles  to  any  axis  of  elasticity,  hence  the  crys- 
tals are  probably  triclinic."  Another  portion,  obtained  in  a 
similar  manner,  was  described  by  Dr.  Gill  as  follows  :  ' '  The 
groups  of  yellowish-red  to  brownish-red,  thin,  tabular  crystals 
are  doubtless  triclinic  and  show  pleochroism.  An  optical  axis 
seems  to  emerge  at  a  small  angle  with  the  normal  to  the  flat 
face." 

Analyses  of  the  product,  recrystallized  three  times  from  car- 
bon disulphide  and  dried  to  constant  weight  in  a  water-oven  : 

I.  0.1599  gram  substance  gave  19  cc.  N  at  19°  and  739.6 
mm.  (cor.) 

II.  0.0919  gram  substance  gave  8.49  cc.  N/io  NHj. 

Calculated  for  Found. 

C32H34N406(C8H7N20)2.  I.  II. 

N  12.99  13-29  12.97 

Analysis  I.  was  made  by  the  Dumas  method  ;  II.  by  first 
reducing  the  compound  with  phosphorus  and  iodine  CChenel) 
and  then  oxidizing  with  sulphuric  acid  and  potassium  sulphate 
(Kjeldahl-Gunning  method). 

The  results  show  that  the  compound  is  identical  with 
Proscher's  product. 

The  monazo  compound,  insoluble  in  carbon  disulphide  and 
only  slightly  soluble  in  chloroform,  was  exhaustively  ex- 
tracted with  these  solvents  until  it  was  free  from  the  disazo 
product.  This  point  was  quite  readily  determined  by  dis- 
solving the  monazo  compound  in  alcohol,  adding  some  potas- 
sium hydroxide  and  examing  the  solution  with  the  spectro- 
scope. The  slightest  trace  of  the  disazo  compound  may  be  de- 
tected by  the  very  marked  absorption  band.  When  the  monazo 
compound  was  freed  from  the  disazo  product  it  was  dissolved  in 
alcohol,  filtered  and  evaporated  to  dryness  on  the  water-bath. 
Only  a  small  quantity  of  the  pure  monazo  compound  was  ob- 
tained. Its  alcoholic  solution  is  red  and  turns  bluish-green  on 
the  addition  of  alkalies  ;  in  strong  hydrochloric  acid  the  color 
is  deep  purple.  Analysis  of  this  product,  dried  to  constant 
weight  at  100°  (Chenel-Kjeldahl  method): 
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0-0535  gram  substance  gave  4.56  cc.  N/io  NH,. 

Calculated  for 
C32H85N40<,(C8H7N20).  Found. 

N  11.72  11.96 

This  result  shows  that  the  compound  is  a  monazo  derivative 
and  that  the  one  analyzed  by  Proscher  must,  therefore,  be  the 
disazo  compound ;  he  gives  it  the  formula  C^H^sN^O^,  but  this 
is  certainly  wrong.  Even  if  we  assume  the  formula,  CigHigN^Oj, 
for  bilirubin,  the  product  resulting  from  the  action  of  the  aceto- 
phenone  diazonium  acid  sulphate  would  have  the  formula 
Cj^Hj^N^O^,  as  shown  in  the  following  equation  : 

C,,H,,N,03  +  C,H,N,OHSO,     = 

C,,H,,N,0,(C3H,N,0)  +  H,SO,. 

As  the  formula  for  bilirubin  is  undoubtedly  Cj^HjjN^Og,  the 
derivative  is  certainly  a  disazo  compound  and  the  equation 
representing  the  reaction  is  as  follows : 

C3,H3,N,Oe  +  2C3H,N,OHSO,     = 

C3,H3,N,Oe(CeH,N,0),  +  2H,S0,. 

We  give  below  the  results  obtained  by  Proscher  and  those 
required  by  our  formula.  We  have  recalculated  Proscher' s 
values  (O  =  16). 


Calculated  for 

C32H34N406(C8H:N20)2. 

Proscher's  results. 

c 

66.61 

66.17 

H 

5.60 

6.04 

N 

12.99 

12.97 

The  disazo  compound  dissolves  in  alkali,  forming  a  clear 
blue  solution,  which  gradually  changes  to  green,  then  to  yel- 
low and  finally  becomes  nearly  colorless.  Proscher  states  that 
his  substance  dissolved  in  alkalies  with  a  green  color.  Neu- 
tral and  acetic  acid  solutions  of  the  disazo  product  are  red, 
those  in  concentrated  hydrochloric  or  sulphuric  acid  are  purple 
or  blue,  depending  on  the  amount  of  acid  and  pigment  present. 

We  obtained  almost  exactly  the  same  absorption  bands  as 
those  recorded  by  Formanek,^  though  we  could  not  pretend  to 
read  the  maximum  points  as  sharply  as  he  does.     We  used  a 

1  Z.  physiol.  Chem.,  29,  414  (1900). 
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grating  and  zirconia  light.  In  alcohol  we  observed  one  band 
with  maximum  darkness  at  about  \  =  522  ;  Formanek  gives 
A=  524.9.  Addition  of  concentrated  hydrochloric  acid  to  the 
alcoholic  solution  gives  two  bands,  with  a  lighter  space  be- 
tween, at  about  X  =  539  ;  Formanek  gives  A.  =  561.4  and  A  = 
525.8.  In  alcoholic  potassium  hydroxide,  according  to  a  de- 
termination made  for  us  by  Dr.  Benton  Dales,  a  very  marked 
band  is  shown  with  a  maximum  darkness  at  X  =  639  ;  Formanek 
gives  A.  =  643,1. 

Substances  more  Soluble  in  Chloroform. 

Kiister  has  reserved  the  investigation  of  the  substances 
in  ox- gallstones,  which  resemble  bilirubin  very  closely, 
but  are  more  soluble  in  chloroform  and  contain  less  nitrogen, 
consequently  no  attempt  at  a  careful  study  of  them  was  made. 
In  crystallizing  crude  bilirubin  from  chloroform,  the  more  solu- 
ble products,  accumulated  in  the  mother-liquors,  may  be  ob- 
tained by  evaporation  or  by  precipitation  with  petroleum  ether. 
Carbon  disulphide,  methyl  alcohol,  ethyl  alcohol,  ethyl  acetate, 
acetone,  benzene,  toluene  and  ether  all  dissolve  some  of  the  ma- 
terial and,  on  concentration,  it  separates  in  imperfect  micro- 
crystalline  masses.     Chloroform  is  the  best  solvent. 

About  1.5  grams  of  the  material  were  dissolved  in  a  mixture 
of  chloroform  and  benzene  and  the  solvent  gradually  evapora- 
ted. At  a  concentration  of  about  200  cc,  when  most  of  the 
chloroform  had  volatilized,  a  considerable  amount  of  red 
micro-crystalline  substance  separated.  This  was  removed  ; 
further  concentration  of  the  mother-liquor  gave  a  similar  pre- 
cipitate, very  much  darker  in  color.  Analyses  (Chenel-Kjel- 
dahl): 

I.  0.1406  gram  of  the  red  product  gave  9.39  cc.  N/io  NH,. 

II.  o.  1940  gram  of  the  dark  product  gave  10.31  cc.  N/io  NH3. 

I.  II. 

N  9.38  7.46 

Summ.ary. 
I .  Analyses  of  the  pure  crystallized  bilirubin  show  that  its 
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composition      is     correctly      represented     by     the     formula 

(C,eH,,NA);r. 

2.  Bilirubin  unites  with  diazonium  compounds,  in  acid  or 
neutral  solutions,  forming  monazo  and  disazo  derivatives. 

3.  The  monazo  compounds  have  the  formula  Cg^Hg^N  A(  N^R) . 
They  are  formed  in  much  smaller  quantity  than  the  disazo 
products,  are  more  readily  soluble  in  alkalies  and  are  not  pre- 
cipitated by  carbon  dioxide.  Their  solutions  show  no  ab- 
sorption bands.  In  most  neutral  solvents,  like  carbon  disul- 
phide,  chloroform  and  ethyl  acetate,  they  are  less  soluble  than 
the  disazo  products. 

4.  The  disazo  compounds  have  the  formula  C32H3^NA(N2R),. 
They  are  soluble  in  alkalies  and  are  precipitated  by  carbon 
dioxide.     Their  solutions  show  characteristic  absorption  bands. 

5.  The  existence  of  these  two  series  of  azo  derivatives  shows 
that  the  molecular  formula  for  bilirubin  must  be  Cj^Hj^N^. 

6.  Molecular  weight  determinations  of  the  tribrombenzene- 
disazobilirubin  are  in  accord  with  the  results  of  the  analj^ses 
of  the  azo  compounds  and  show  that  this  substance  has  the 
formula  CgjHg^NACNjCgH^Brg)^,  hence,  that  the  formula  of 
bilirubin  is  CjjHjgN^. 

7.  Bilirubin  has  acid  properties  similar  to  those  of  the 
phenols.  It  is  precipitated  from  alkaline  solution  by  carbon 
dioxide.  It  contains  no  alkyloxy  group  and  probably  no  alkyl- 
imide  group.  It  does  not  reduce  ammoniacal  silver  nitrate 
solution,  even  on  boiling,  so  probably  does  not  contain  an 
aldehyde  group.  It  resembles  resorcinol  very  closely  in  the 
manner  in  which  it  forms  monazo  and  disazo  derivatives. 

8.  When  reduced  by  zinc  dust  or  nascent  hydriodic  acid, 
bilirubin  gives  haemopyrrol,  showing  that  it  is  a  derivative  of 
pyrrol.  The  ease  with  which  it  forms  monazo  and  disazo  com- 
pounds, even  in  the  presence  of  strong  acids,  points  to  the  same 
conclusion. 

Cornell  University, 

Ithaca,  N.  Y., 

May,  1904. 
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I.    THE  HYDROCARBONS  IN  OHIO  TRENTON  LIMESTONE  PETRO- 
LEUM WITH  BOILING-POINTS  ABOVE  213°. 
With  O.  H.  Palm. 

In  a  paper  on  the  constituents  of  Pennsylvania,  Ohio  and 
Canadian  petroleum  with  boiling-points  between  150°  and  220°,^ 
it  was  shown,  as  a  result  of  combustion,  molecular  weight  de- 
terminations and  composition  of  its  chlorine  derivatives,  that 
the  distillate  boiling  at  2i2°-2i4°  from  Ohio  Trenton  lime- 
stone petroleum  consisted  of  hendecane,  CijHjg.  Study  of  the 
portions  with  higher  boiling-points  has  since  been  continued 
for  the  purpose  of  ascertaining  where  the  series  C„H2«+2  ter- 
minates and  the  series  poorer  in  hydrogen  appears. 

The  higher  specific  gravity  of  Trenton  limestone  petroleum 
and  of  the  products  prepared  from  it  is  well  known,  but  the 

1  Aid  in  this  work  was  given  by  the  American  Academy  of  Arts  and  Sciences  from 
^he  C.  M.  Warren  Fund  for  Chemical  Research. 
*  This  Journal,  19,  419  (1897). 
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cause  has  not  yet  been  explained.  Since  the  series  CnHjn  +  2 
has  been  found  to  continue,  in  Pennsylvania  petroleum,  in  the 
solid  forms  as  high  as  their  molecular  weights  can  be  deter- 
mined and  to  be  associated  with  series  poorer  in  hydrogen 
above  260°  (50  mm.),  it  was  evidently'  interesting  to  ascertain 
the  composition  of  the  higher  hydrocarbons  in  Ohio  oil. 

Results  which  will  appear  later  show  that  the  series  poorer 
in  hydrogen  form  the  chief  portion  of  Canadiam  petroleum ; 
and  since  the  Trenton  limestoneoil,  in  its  physical  properties  and 
in  the  properties  of  its  distillates,  stands  in  an  intermediary 
position  between  Pennsylvania  and  Canadian  crude  oils,  the 
series  of  hydrocarbons  in  Ohio  oil  should  explain  the  difference 
in  properties  of  the  commercial  products  obtained  from  it. 

In  resuming  the  study  of  Ohio  Trenton  limestone  oil  in 
1901,  a  barrel  of  the  crude  oil  was  obtained  at  Welker,  Ohio, 
of  sp.  gr.  0.8367  at  20°.  Analysis  gave  :  C  85.46  ;  H  13.91  ; 
S  0.48  per  cent. 

This  crude  oil  is  not  so  heavy  as  some  specimens  from  Lima 
and  Indiana  and  the  percentage  of  sulphur  is  lower  than  that 
of  specimens  from  some  other  fields,  but  it  was  believed  to  repre- 
sent an  average  composition  of  Trenton  limestone  oil  with 
reference  to  the  principal  series  of  hydrocarbons. 

From  8  liters  of  the  crude  oil  1.8  liters  were  removed,  below 
200°,  under  atmospheric  pressure  ;  the  residue  was  distilled  un- 
der 30  mm.,  at  first  within  limits  of  10°,  which  left  a  residue, 
above  280°,  of  2,000  grams.  Subsequent  distillation,  under  the 
same  pressure,  brought  the  distillates  together  in  larger  quanti- 
ties, within  certain  well-defined  limits  of  temperature,  indicating 
a  greater  proportion  of  individual  hydrocarbons.  After  ten  dis- 
tillations, greater  amounts  collected  within  the  following  limits, 
and  were  found  to  represent  definite  compounds:  iii°-ii3 
I29°-I30°;  i38°-i40°;  i52°-i54°  ;  i64°-i68° ;  i77°-i79' 
i87°-i90°;  198^-202°  ;  2i3°-2i6°;  224°-227°  ;  237°-24o' 
253°-255°  ;  263°-265°  ;  275°-278°.  Although  it  cannot  be 
assumed  that,  in  a  limited  number  of  distillations,  the  individual 
hydrocarbons  can  be  .separated  completely,  analysis  and  molec- 
ular weight  determinations  indicate  that  the  separation  is  suflB-- 
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-cient  to  admit  of  identification,  not  only  of  members  of  the 
same  series  but  of  rather  sudden  changes  from  one  series  to  the 
next  poorer  in  hydrogen. 

None  of  the  fractions  showed  evidence  of  decomposition. 
The  lower  fractions  were  liquid,  but  the  distillate  2i3°-2i7° 
was  nearly  solid  at  ordinary  temperatures.  The  higher  distil- 
lates were  completely  solid  with  paraflSn,  which  formed 
a  large  part  of  these  fractions.  Since  the  solid  hydrocar- 
bons in  Pennsylvania  petroleum  were  identified  as  members  of 
the  series  CnHan  +  3,  and  the  solid  hydrocarbons  in  Ohio  petro- 
leum are,  without  doubt,  composed  of  the  same  bodies,  it  was 
considered  unnecessary  to  examine  these  solids  from  Ohio  oil. 
To  remove  them  the  oil  was  cooled  to  0°,  filtered,  then  cooled 
to  — 10°  and  again  filtered,  under  pressure,  at  the  same  tem- 
perature. In  the  higher  distillates  the  solid  hydrocarbons 
formed  one- third  or  one-half  of  each  distillate.  The  oils  filtered 
from  these  fractions  were  very  thick  and  viscous  ;  the  specific 
gravity  of  the  unpurified  fractions,  at  20°,  were  found  to  be  es- 
sentially higher  than  the  corresponding  fractions  from  Pennsyl- 
vania oil : 

I29°-I30°.       I38°-I40°.       I52°-I54P.       iyy°-iy!)°.       i87°-i90°.       i98°-202°. 
0.7998       0.8065       0.8187       0.8262       0.8351       0.8373 

224°-227°.     237°-24o°.      253°-255°.     275°-278°. 

(At  50°)     0.8586        0.8622        0.8849        0.8941 

After  removal  of  the  solid  hydrocarbon  each  fraction  was 
thoroughly  purified  by  agitating,  first  with  common  concentrated 
and  then  with  fuming  sulphuric  acid  until  the  latter  was  nearly 
colorless.  The  heavier  distillates  were  dissolved,  before  treat- 
ment, in  light  gasoline  ;  otherwise  they  formed  an  emulsion  with 
acid  from  which  the  oil  did  not  readily  separate.  To  completely 
remove  the  acid  the  oil  was  finally  washed  with  sodium  hy- 
droxide, then  dried  over  calcium  chloride  and  finally  over 
sodium.  If  the  oil  remains  unchanged  after  standing  some 
time  over  sodium  it  is  very  well  purified. 

In  the  present  state  of  our  knowledge  concerning  the  series 
of  hydrocarbons  poorer  in  hydrogen  than  the  series  CnH.2n  +  2, 
definite  names  cannot  be  assigned  to  the  members  of  these 
series.     It  is  probable  that  the  series  CnHjn  is  composed  of  the 
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methylene  hydrocarbons,  perhaps  with  complex  side  chains. 
The  series  still  poorer  in  hydrogen  may  contain  two  or  more 
methylene  rings,  but  as  yet  there  is  no  evidence  as  to  the 
structure  of  these  hydrocarbons. 

Hydrocarbon  C^,i^H^^,  B.  P.  2ri°-2ij° . — In  a  former  paper^ 
the  fraction  2i2°-2i4°,  under  atmospheric  pressure,  was  shown 
by  analysis  and  further  identification  to  be  dodecane  Cj^Hjg, 
and  its  sp.  gr.  was  found  to  be  0.7727  at  20°.  This  hydro- 
carbon was  separated,  with  others,  from  a  specimen  of  crude  oil 
obtained  from  a  well  at  Findlay,  Ohio.  Its  sp.  gr.  and  com- 
position corresponded  to  that  of  dodecane,  which  was  obtained 
from  Pennsylvania  petroleum. 

The  fraction  2ii°-2i3°,  now  under  examination,  after 
thorough  purification  with  sulphuric  acid,  as  described  above, 
gave  sp.  gr.  0.7970. 

I.  0.1462  gram  oil  gave  0.4590  gram  COj  and  0.1860  gram^ 
H,0. 

II.  o.  1281  gram  oil  gave  0.4020  gram  COj  and  0.1635  gram 
H,0. 

III.  0.1563  gram  oil  gave  0.4906  gram  COj  and  0.2000  gram 
H,0. 

Calculated  for  Found. 

CnH2„.  I.  II.  III. 

C  85.70  85.62         85.53         85.61 

H  14.30  14.25         14.27         14.31 

The  molecular  weight,  determined  by  Beckmann's  freezing- 
point  method,  in  benzene,   agreed  with  that  of  the  formula 

1. 1097  grams  oil  and  29.394  grams  benzene  gave  a  depres- 
sion of  i°.o67. 

Calculated  for 

C12H24.  Found. 

168  173 

The  same  formula  was  verified  by  the  index  of  refraction,. 
1.4350,  from  which  the  molecular  refraction  was  calculated. 

Calculated  for 

CijHoi.  Found. 

54-24  55-00 

1  Loc.  cit. 
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It  is,  therefore,  evident  that  this  hydrocarbon  has  the  compo- 
sition of  the  series  C„H2«.  The  only  explanation  that  can  be 
offered  as  to  the  difference  between  it  and  the  product  with  the 
same  boiling-point  separated  before,  is  that  the  different  speci- 
mens of  oils,  coming  from  different  sources,  must  have  differed 
with  respect  to  this  hydrocarbon. 

Hydrocarbon  C^^H^^,  B.  P.  123^-125°  (jo  mtn.). — After  ten 
distillations  under  30  mm.,  27  grams  collected  at  129°-! 30°, 
that  distilled,  under  atmospheric  pressure,  at  223°-225°.  After 
careful  purification  the  sp.  gr.  of  this  distillate  was  found  to  be 
0.8055  ^t  20°.     It  was  shown  to  belong  to  the  series  CnHjn- 

I.  0.1536  gram  oil  gave  0.4824  gram  CO2  and  0.1902  gram 

II.  0.1336  gram  oil  gave  0.4195  gram  CO2  and  0.17 10  gram 
H,0. 


Calculated  for 

Found. 

Cl3H26. 

I.                                  II. 

c 

85.70 

85.65                        85.63 

H 

14.30 

13.85                        14.32 

The  molecular  weight,  determined  at  the  freezing-point  of 
benzene,  corresponded  to  the  formula  CigHjg. 

0.9896  gram  oil  and  25.6727  grams  benzene  gave  a  depres- 
sion of  i°.o4o. 

Calculated  for 

CisHje.  Found. 

182.0  181. 6 

A  determination  of  the  index  of  refraction  gave  1.4400, 
which  corresponded  to  the  molecular  refraction  : 

Calculated  for 

CiaHoe-  Found. 

59-84  59-55 

Hydrocarbon  C^^H^^,  B.  P.  ij8°-i4.o°  (jo  mm.). — After  the 
tenth  distillation  45  grams,  collected  at  i38°-i40°,  gavesp.  gr. 
0.8129,  at  20°,  after  thorough  purification  with  acid. 

0.1407  gram  oil  gave  0.4435  gram  COj  and  0.1787  gram 
H,0. 
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Calculated  for 

CnHjg.  Found. 

C  85.70  85.96 

H  14-30  14.18 

The  formula  was  verified  by  the  molecular  weight,  at  the- 
freezing-point  of  benzene. 

0.9552  gram  oil  and  24.5822  grams  benzene  gave  a  depres- 
sion of  o°.975. 

Calculated  for 

C14H28.  Found. 

196  195.2 

The  index  of  refraction  was  found  to  be  1.4437  ^^'^  the 
molecular  refraction  agreed  with  the  same  formula : 

Calculated  for 

C14HJ8.  Found. 

64.44  64.10 

Hydrocarbon  C^^H^,  B.  P.  i^2°-i^4°  {jomm.). — A  frac- 
tion of  75  grams,  collected  at  first  within  these  limits,  grad- 
ually diminished  to  20  grams  after  the  tenth  distillation.  After 
purification  with  acid  it  gave  sp.  gr.  0.8204  at  20°.  Analy- 
sis gave  values  required  for  the  series  CnHjn  : 

0.1511  gram  oil  gave  0.4750  gram  CO,  and  0.1920  gram. 
H,0. 

Calculated  for 

C15H30.  Found. 

C  85.70  85.74 

H  14-30  14.21 

The  molecular  weight,  determined  at  the  freezing-point  of 
benzene,  corresponded  to  the  formula  CuHj^,. 

0.9370  gram  oil  and  24.2115  grams  benzene  gave  a  depres- 
sion of  o°.9io. 

Calculated  for 

C15H30.  Found. 

210  208.3 

This  formula  was  further  confirmed  by  the  index  of  refrac- 
tion, 1.4480,  which  gave  the  following  molecular  refraction  : 

Calculated  for 

C15H30.  Found. 

69.05  68.50 
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Hydrocarbon  C^^H^^,  B.  P.  164° -168°  {jo  mm.). — Eighteen 
grams  of  the  oil  collected  within  these  limits  after  the  tenth 
■distillation  that  gavesp.  gr.  0.8249  at  20°.  After  filtration  at 
— 10°,  and  purification  with  acid,  the  sp.  gr.  was  found  to  be 
0.8254.  The  proportions  of  carbon  and  hydrogen  indicated  the 
series  CnHan- 

0,1536  gram  oil  gave  0.4848  gram  COj  and  0.1945  gram 

Calculated  for 

C16H32.  Found. 

C  85.70  86.08 

H  14-30  14.16 

The  molecular  weight,  at  the  freezing-point  of  benzene,  cor- 
Tesponded  to  the  formula  CuHj,. 

1. 1300  grams  oil  and  20.3767  grams  benzene  gave  a  depres- 
sion of  I°.202. 

Calculated  for 

C16H32.  Found. 

224  226 

The  index  found,  1.45 10,  confirmed  the  same  formula  : 

Calculated  for 

CiaH32.  Found. 

73-65  73.08 

Hydrocarbon  C^^H^^,  B.  P.  ij7°-i'/g°  (jo  mm.). — After  the 
tenth  distillation  35  grams  collected  within  these  limits  with 
sp.  gr.  0.8251  at  20°.  After  filtration  at  — 10°  and  treatment 
with  acid  the  sp.  gr.  was  0.8335.  I'he  percentages  of  carbon 
and  hydrogen  indicated  the  series  CnHjw 

o.  1501  gram  oil  gave  0.4720  gram  CO2  and  0.1881  gram 
H,0. 

Calculated  for 

C17H34.  Found. 

C  85.70  85.76 

H  14-30  14.02 

The  molecular  weight,  at  the  freezing-point  of  benzene, 
agreed  with  the  formula  C^Hj^. 

1.0880  grams  oil  and  24.9900  grams  benzene  gave  a  depres- 
sion of  0°.  896. 
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Calculated  for 

C17H34.  Found. 

238  238 

The  index  of  refraction,  1.4545,  supported  the  same  for- 
mula : 

Calculated  for 

C17H34.  Found. 

78.25  77-50 

A  fraction  collected  at  i88°-i90°  which  should  contain  the 
next  homologous  hydrocarbon  CjgHgg;  the  oil  was  unfortunately- 
lost  by  an  accident  during  filtration  from  the  solid. 

Hydrocarbon  C,,H,„  B.  P.  i98°-202°  {30  mm.).— Thirty 
grams  of  this  fraction  were  collected  after  the  tenth  distillation, 
which  gave  sp.  gr.  0.8364  at  20°.  On  cooling  to  —10°  and 
filtration,  16  grams  of  the  filtered  oil  were  obtained  with 
sp.  gr.  0.8471  at  20°.  Determinations  of  carbon  and  hydro- 
gen  indicated  a  change  from  the  series  C„H2»  to  the  series 

V'nH-zn — 2. 

0.1528  gram  oil  gave  0.4830  gram  CO,  and  0.1845  gram 
H,0. 

Calculated  for 

C19H36.  Found. 

C  86.36  86.24 

H  13-64  13-52 

A  determination  of  the  molecular  weight,  at  the  freezing- 
point  of  benzene,  gave  the  formula  CjjHjj. 

0.9063  gram  oil  and  24.1120  grams  benzene  gave  a  depres- 
sion of  0^.700. 

Calculated  for 

CioHss.  Found. 

264  263 

This  formula  was  further  verified  by  its  index  of  refraction, 
which  was  found  to  be  1.46 14,  corresponding  to  the  molecular 
refraction  : 

Calculated  for 

CigHae.  Found. 

85.35  85.57 

Hydrocarbon  Q^H,^,  B.  P.  213° -217°   (jo  w»«.).— The  hy- 


Composition  of  Petroleum.  259 

drocarbon  C20H38  was  apparently  absent,  as  the  distillates  were 
small  and  did  not  accumulate  below  213°,  at  which  point  a 
larger  amount  was  collected  that  proved  to  be  the  hydrocarbon 
CjiH^.  After  the  tenth  distillation  25  grams  gave  sp.  gr. 
0.8417  at  20°.  After  filtration  at  — 10°  the  sp.  gr.  was 
0.8546  at  20°.  The  carbon  and  hydrogen  corresponded  to  the 
series  C„H2«-2. 

0.1362  gram  oil  gave  0.4330  gram  CO^  and  0.1675  gram 
H,0. 

Calculated  for 

C21H40.  Found. 

C  86.30  86.70 

H  13-70  13-66 

A  determination  of  the  molecular  weight,  at  the  freezing- 
point  of  benzene,  gave  a  value  required  for  the  formula  CjiH^q. 

1. 1020  grams  oil  and  25.1400  grams  benzene  gave  a  depres- 
sion of  0°.  734. 

Calculated  for 

CjiHio-  Found. 

292  292.6 

The  index  of  refraction  found,  1.465,  confirmed  the  same 
formula  : 

Calculated  for 

C2iH4(|.  Found. 

94-56  94.45 

Hydrocarbon  C^^H^^,  B.  P.  22^°-22'j°  ( jo  mm.). — After  the 
tenth  distillation  22  grams  collected  at  224^-227°,  the  sp.  gr. 
of  which  was  0.8480  at  20°.  After  filtration  at  — 10°  and  treat- 
ment with  acid  in  gasoline  solution,  the  sp.  gr  was  0.8614. 
The  percentages  of  carbon  and  hydrogen  were  those  required 
for  the  series  CnHzn— 2. 

I.  0.1403  gram  oil  gave  0.4438  gram  CO^  and  o.  1670  gram 
H,0. 

II.  o.  1571  gram  oil  gave  0.4970  gram  COj  and  o.  1901  gram 
H,0. 

Calculated  for  Found. 

C22H42.  I.  II. 

C  86.25  86.27  86.27 

H  13.75  13.31  13-53 


26o  Mabery. 

The  molecular  weight,  determined  at  the  freezing-point  of 
benzene,  corresponded  to  the  formula  C^jH^. 

0.8385  gram  oil  and  21.6023  grams  benzene  gave  a  depres- 
sion of  o°.6o2. 

Calculated  for 

CJ2H42.  Found. 

306  309 

This  formula  was  further  confirmed  by  the  molecular  weight, 
determined  at  the  boiling-point  of  benzene,  which  gave  310. 

The  index  of  refraction,  1.4690,  supported  the  same  formula, 
as  shown  by  the  corresponding  molecular  refraction  : 

Calculated  for 

C2SH42.  Found. 

99.16  99.60 

Hydrocarbon  Q/^^j,  B.  P.  23y°-2^o°  {30  mm.). — The  hy- 
drocarbon C^jH^  did  not  appear  in  the  small  amounts  of  distil- 
lates between  227°  and  235°.  Within  the  limits  237°-24o° 
(30  mm.),  40  grams  collected,  which  was  solid  with  paraffin 
at  ordinary  temperatures.  After  filtration  at  — 10°  the 
thick,  viscous  oil  gave  sp.  gr.  0.8639.  The  percentages 
of  carbon  and  hydrogen  were  those   required  for   the  series 

v^«-tl2n — 2. 

O.I 515  gram  oil  gave  0.4804  gram  CO^  and  0.1855  gram 
H,0. 


Calculated  for 

CnH^. 

Found. 

c 

86.23 

86.48 

H 

13.77 

13.70 

The  molecular  weight,  determined  at  the  freezing-point  of 
benzene,  gave  the  value  required  for  C^H^g. 

1.0900  grams  oil  and  28.0340  grams  benzene  gave  a  depres- 
sion of  o°.57o. 

Calculated  for 

Cj4H4«.  Found. 

334  334 

With  hydrocarbons  of  such  high  molecular  weights,  the  lim- 
its of  accuracy  are  reached  in  determinations  by  the  cryo- 
scopic  method  with  the  aid  of  solvents  commonly  used,  on  ac- 
count of  the  .slight  depression  of  the  freezing-point. 
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A  determination  of  the  index  of  refraction  gave  1.4715,  which 
corresponds  to  the  molecular  refraction  of  Cj^H^. 

Calculated  for 

C24H46.  Found. 

108.4  108 

Several  higher  fractions  were  collected  at  points  where  the 
oil  showed  a  tendency  to  accumulate  and  the  results  of  analy- 
sis indicated  a  series  still  poorer  in  hydrogen,  C^Han— 4.  Twenty- 
five  grams  of  the  oil  collected  at  253*'-255°,  from  which  the  solid 
was  separated  by  filtration  at  — 10°  and  the  heavy  viscous  oil 
was  purified  by  sulphuric  acid  in  gasoline  solution  ;  sp.  gr.  of 
the  purified  oil  was  0.8842  at  20°.  The  values  for  carbon  and 
hydrogen  were  those  required  for  the  series  C„H2»— 4. 

0.1424  gram  oil  gave  0.451 1  gram  CO3  and  0.17 18  gram 
H,0. 

Calculated  for 

C23H42.  Found. 

C  86.79  86.42 

H  13.21  13.49 

Several  attempts  to  determine  the  molecular  weight  of  this 
hydrocarbon  by  the  freezing-point  method  failed,  on  account  of 
the  slight  depression  and  the  amount  of  oil  was  not  sufl&cient 
for  a  determination  by  the  boiling-point  method.  The  index 
of  refraction  was  found  to  be  1.4797,  which  corresponds  to  the 
following  molecular  weight : 

Calculated  for 

C23H42.  Found. 

IOI.7  162. 1 

A  fraction  that  collected  in  considerable  quantity  at  263°- 
265°  (30  mm.),  after  treatment  with  sulphuric  acid  in  gasoline 
solution  and  filtration  at  — 10°,  gave  sp.  gr.  0.8864  ^t  20°. 
The  percentages  of  carbon  and  hydrogen  were  as  follows  : 

0.1470  gram  oil  gave  0.4670  gram  CO3  and  0.1752  gram 
H,0. 

Calculated  foi 

C04H44.  Found. 

C  86.75  86.68 

H  13.25  13.32 
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The  molecular  weight  of  this  hydrocarbon  was  not  deter- 
mined for  the  same  reasons  as  the  preceding  one.  A  deter- 
mination of  the  index  of  refraction  gave  1.4802.  corresponding 
to  the  molecular  refraction  : 

Calculated  for 

C04H44.  Found. 

106.5  106.3 

A  fraction  of  40  grams,  collected  at  275°-278°  (30  mm.), 
was  filtered  at  — 10°  and  the  thick  viscous  oil  purified  with 
acid.  It  gave  sp.  gr.  0.8912  at  20°  and  percentages  of  carbon 
and  hydrogen  required  for  the  series  C„H2«-4. 

0.1547  gram  oil  gave  0.4914  gram  CO,^  ando.1814  gram 
H,0. 

Calculated  for 

C05H4C.  Found. 

C  86.71  86.66 

H  13.29  13. II 

The  molecular  weight  of  this  hydrocarbon  was  not  deter- 
mined. The  index  of  refraction  was  found  to  be  1.48 10  and 
the  molecular  refraction  as  follows  : 

Calculated  for 

C26H40.  Found. 

no. 9  no. 5 

While  the  precise  formulas  of  the  last  three  hydrocarbons 
are  not  determined  with  as  complete  data  as  those  preceding,  it 
is  evident  that  the  series  C„H2n-4  is  established. 

Ohio  petroleum  is,  therefore,  composed  chiefly  of  the  series 
C„H2,e  +  2,  CnH2«,  C„H2«-2,  and  C„H2«-4.  It  resembles  Pennsyl- 
vania petroleum  in  the  large  proportion  of  solid  paraflSn  hydrocar- 
bons ;  but  the  greater  portion  of  the  fractions  boiling  above  216° 
consists  of  the  series  C„H2„,  which,  together  with  the  series 
poorer  in  hydrogen,  explains  the  higher  specific  gravity  of  the 
crude  oil  and  distillates  prepared  from  it.  It  is  probable  that 
series  still  poorer  in  hydrogen  are  contained  in  the  less  volatile 
portions  that  cannot  be  distilled  without  decomposition. 

The  following  table  gives  a  summary  of  the  hydrocarbons 
described  in  this  paper,  with  their  boiling-points  and  specific 
gravity  at  20°  : 
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Hydrocarbons  Separated  from    Ohio 

Trenton  Limestone  Petro- 

letini. 

Series.              Formula. 

Boiling-point. 

Sp.  gr.  at  20°. 

^n^2n              ^vi^ii 

2II°-2I3° 

atm.  pressure 

0.7970 

^13"-26 

223°-225'> 

11           ( ( 

0.8055 

^14-'^  28 

i38°-i40° 

30  mm. 

0.8129 

^^is-'^so 

i52°-i54° 

0.8204 

*^16-"-32 

i64°-i68° 

0.8254 

^17^31 

i77°-i79° 

0.8335 

>-nH2n— 2        ^igHgg 

I98°-202° 

0.8364 

^21  ■'^w 

2I3°-2I7° 

0.8417 

^22^-'-42 

224°-227° 

0.8614 

^24-'^46 

237°-24o° 

0.8639 

^-nilan— 4         *^23-'^42 

253°-255° 

0.8842 

II            Cj^H^, 

263°-265° 

0.8864 

Cj^H^s 

275°-278° 

0.8912 

II.    THE  HYDROCARBONS  IN  CANADIAN  PETROI^EUM  WITH  HIGH 

BOILING-POINTS. 

By  Charles  F.  Mabery. 

In  a  former  paper'  the  constituents  of  Canadian  Corniferous 
limestone  petroleum  distilling  below  216°  were  described  and 
were  shown,  by  analysis  and  determination  of  molecular  weigh  ts, 
to  belong  to  the  series  CnHjn  +  2,  to  the  hydrocarbon  CuHj^  boil- 
ing at  196°.  The  hydrocarbon  boiling  at  216°  was  found  to  be 
QjHj^.  Since  several  series  have  appeared  in  Pennsylvania  and 
Ohio  Trenton  limestone  crude  oil,  it  seemed  of  interest  to  ascer- 
tain the  series  which  form  the  main  constituents  of  Canadian 
petroleum  in  the  portions  with  high  boiling-points.  The  distil- 
lates separated  as  a  part  of  the  former  work  were  available  for 
the  study  of  the  higher  constituents.^  Examination  of  the  frac- 
tion collected  at  216°  was  repeated  and  further  results  were 
obtained  in  verification  of  the  former  work  which  assigned  the 
formula  Ci2H2^  to  this  hydrocarbon. 

A  determination  of  molecular  weight  established  the  formula 

^12^24- 

0.4528  gram  oil  and  23.375  grams  benzene  gave  a  depression 
of  0.555. 

1  Loc.  cit. 

2  A  part  of  this  work  was  performed  by  Mr.  E.  T.  Nurasen,  who  selected  it  as  the 
subject  of  a  thesis  for  the  degree  of  Bachelor  of  Science. 
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Calculated  for 

C12H04.  Found. 

168  171 

The  chlorine  product  was  formed  by  the  action  of  chlorine 
on  the  hydrocarbon  standing  over  water.  On  fractionating 
the  product  most  of  it  collected  at  160°  (15  mm.)  and  this  dis- 
tillate gave  sp.  gr.  0.9145  at  20°. 

The  percentage  of  chlorine  corresponded   to  the   formula 
CuHjjCl. 
0.1910  gram  oil  gave  0.1338  gram  AgCl. 

Calculated  for 

C12H24.  Found. 

17.52  17.32 

The  molecular  weight  of  the  chlorine  product,  at  the  freez- 
ing-point of  benzene,  agreed  with  the  value  required  by  the 
same  formula. 

0.361  gram  oil  and  20.79  grams  benzene  gave  a  depression 
of  0°. 425. 

Calculated  for 

C1JH23CI.  Found. 

202.5  200 

Distillation  of  the  higher  fractions  was  repeated  several 
times,  to  collect,  so  far  as  possible,  the  hydrocarbons  within 
narrow  limits. 

Hydrocarbon  C^^H^^,  B.  P.  228°-2jo° . — The  next  fraction 
examined  collected  at  228°-230°  after  the  twentieth  dis- 
tillation. Without  purification  it  gave  sp.  gr.  0.8087  at  20°* 
After  thorough  agitation  with  concentrated  and  fuming  sul- 
phuric acid  the  sp.  gr.  was  0.7979,  which  agrees  closely 
with  that  of  the  hydrocarbon  CjjHjg  separated  from  Ohio  pe- 
troleum. 

Analysis  gave  values  required  for  the  series  C„H2„. 

0.16 14  gram  oil  gave  0.5068  gram  COj  and  0,2060  gram. 
H,0. 


Calculated  for 
C13H2J. 

Found. 

c 

H 

85.70 
14.30 

85.64 
14.28 
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A  determination  of  the  molecular  weight  gave  values  re- 
quired for  CjjHjg. 

0.4631  gram  oil  and  17.79  grams  benzene  gave  a  depression 
of  o°.689. 

Calculated  for 

C13H26.  Found. 

182  185 

This  formula  was  further  verified  by  determination  of  its  in- 
dex of  refraction,  1.444,  which  corresponded  to  the  molecular 
refraction  : 

Calculated  for 

C13H2J.  Found. 

59.84  60.59 

The  formula  was  still  further  confirmed  by  its  chloride, 
which  was  formed  by  passing  chlorine  through  the  purified  oil, 
over  water,  in  diffuse  sunlight,  until  sufficient  was  absorbed  to 
form  the  greatest  yield  of  monochloride.  After  several  distil- 
lations in  vactio,  a  considerable  portion  collected  at  165°  (15 
mm.).  A  Carius  determination  gave  a  percentage  of  chlorine 
required  for  the  monochloride. 

0.1548  gram  oil  gave  0.1014  gram  AgCl. 

Calculated  for 

C13H25CI.  Found. 

CI  16.40  16.20 

The  molecular  weight  of  the  chloride  was  determined  by  the 
freezing-point  method. 

0.3069  gram  oil  and  19.14  grams  benzene  gave  a  depression 
of  0°. 355. 

Calculated  for 

C13H05CI.  Found. 

216.5  220.4 

The  formula  was  also  shown  by  its  index  of  refraction, 
1.465,  which  corresponded  to  the  molecular  refraction  : 

Calculated  for 

C13H25CI.  Found. 

64.78  65.02 

The  sp.  gr.  of  the  chloride  found  was  0.9221. 

Hydrocarbon    C^J^^^,  B.  P.  14.1° -14.3°  {^50  mm.'). — After  the 
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twentieth  distillation  a  fraction  collected,  in  considerable  quan- 
tity, within  the  limits  I4i°-i42°  (50.  mm.)  and  gave,  without 
purification,  sp.  gr.  0.8206  at  20°.  After  purification  with 
concentrated  and  fuming  sulphuric  acid  its  sp.  gr.  was  0.8099. 
This  hydrocarbon  was  shown  by  analysis  to  be  of  the  series 

^n^2n'- 

I.  0.1657  gram  oil  gave  0.5185  gram  CO^  and  0.2135  gram 
H,0. 

II.  0.1656  gram  oil  gave  0.5201  gram  CO^  and  0.2079  gram 
H,0. 

Calculated  for  Found. 

ChHss.  I.  11. 

C  85.70  85.34  85.65 

H  14.30  14.35  14-04 

The  formula  was  shown  by  its  molecular  weight. 
0.312 1  gram  oil  and  18,46  grams  benzene  gave  a  depression 
of  0°. 418. 

Calculated  for 

C14H28.  Found. 

196  198 

The  hydrocarbon  gave  an  index  of  refraction  of  1.449,  which 
corresponded  to  the  molecular  refraction  of  the  same  formula  : 

Calculated  for 

C)4H28.  Found. 

64.44  65.02 

The  hydrocarbon  distilled  under  atmospheric  pressure,  with 
some  decomposition,  at  244°-248°.  Further  confirmation  of 
the  formula  was  obtained  by  the  composition  of  the  chloride, 
which  was  formed  in  the  manner  described  above.  The 
product  of  chlorination  was  fractionally  distilled,  which  caused 
a  considerable  portion  to  collect  at  180°  (15  mm.)  ;  the  sp.gr. 
of  the  chloride  was  0.9288  at  20°.  The  percentage  of  chlorine 
agreed  with  that  required  for  the  monochloride. 

0.1690  gram  substance  gave  0.1039  gram  AgCl. 

Calculated  for 

CuHojCl.  Found. 

CI  15-40  15.21 
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The  molecular  weight  was  found  at  the  freezing-point  of 
benzene. 

0.7890  gram  substance  and  23.80  grams  benzene  gave  a  de- 
pression o°.7i8. 

Calculated  for 

CuHotCI.  Found. 

230.5  226.4 

The  index  of  refraction,  1.471,  corresponded  to  the  same 
molecular  weight. 

Calculated  for 

C14H07CI.  Found. 

69-39  69.35 

Another  fraction  of  the  chlorine  product  collected  in  con- 
siderable quantity  at  197^-200°  (15  mm.)  ;  after  purification, 
it  boiled  near  to  200°  and  gave  sp.  gr.  1.0066  at  20°.  The 
percentage  of  chlorine  indicated  a  dichloride. 

0.1669  gram  substance  gave  o.  1680  gram  AgCl. 

Calculated  for 

CuHoeClj.  Found. 

CI  26.80  24.90 

The  low  percentage  of  chlorine  is  doubtless  due  to  incom- 
plete chlorination.  The  index  of  refraction  found,  1.489,  cor- 
responds to  the  molecular  refraction  of  the  dichloride. 

Calculated  for 

C14H06CI2.  Found. 

74.33  76.12 

Hydrocarbon  C^^H^^,  B.  P.  i5g°-i6o°  {6ovim.^. — As  a  consid- 
erable portion  of  the  distillates  collected  constant  at  159°- 160°  (50 
mm.),  after  the  twentieth  distillation,  this  fraction  was  selected 
for  the  identification  of  the  next  hydrocarbon,  which  proved 
to  be  C15H30.  It  gave  sp.  gr.  0.831 1  at  20°,  before  purification 
and,  after  thorough  agitation  with  concentrated  and  fuming  sul- 
phuric acid,  0.8192.  Determinations  of  carbon  and  hydrogen 
indicate  the  series  CnHan. 

0.1586  gram  oil  gave  0.4961  gram  CO2  and  0.2007  gram 
H,0. 

Calculated  for 

C15H30.  Found. 

C  85.70  85.30 

H  14.30  14.16 
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This  formula  was  indicated  by  the  molecular  weight  deter- 
mined at  the  freezing-point  of  benzene. 

0.3634  gram  oil  and  19.276  grams  benzene  gave  a  depression 
of  ©''.443. 

Calculated  for 

CisHjo-  Found. 

210  ,  208 

This  formula  was  confirmed  by  the  molecular  refraction,  cal- 
culated from  the  index  found,  1.452. 

Calculated  for 

C16H30.  Found. 

69.04  69.15 

A  portion  of  the  hydrocarbon  was  chlorinated  and  the  prod- 
uct distilled  until  it  came  together  in  large  amount  at  190°  (15 
mm.)  ;  its  sp.  gr.was  0.9358  at  20°.  Determinations  of  chlo- 
rine established  its  composition. 

I.  0.1579  gram  substance  gave  0.0951  gram  AgCl. 

II.  0.2032  gram  substance  gave  0.1158  gram  AgCl. 

Calculated  for  Found. 

CisHagCl.  I.  II. 

CI  14.45  14.55  14.09 

For  further  identification  the  molecular  weight  was  ascer- 
tained. 

0.4520  gram  substance  and  17.44  grams  benzene  gave  a  de- 
pression of  0^.529. 

Calculated  for 

CisHogCl.  Found. 

244.5  240 

The  index  of  refraction  found,  1.455,  corresponded  to  a 
molecular  refraction  of  the  same  formula  : 

Calculated  for 

C15H09CI.  Found. 

73-99  74-83 

It  would  have  been  interesting  to  include  in  this  examina- 
tion the  hydrocarbons  with  still  higher  boiling-points,  to  as- 
certain where  the  series  CnHjn— 2  and  C„H2n_4  begin,  for  com- 
parison with  the  corresponding  distillates  from  other  petro- 
leum ;  but  the  work  described  above  exhausted  the  supply  of  dis- 
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tillates  prepared  from  the  large  distillation  of  crude  oil  and  the 
great  amount  of  labor  involved  in  working  up  to  the  well  dis- 
tilled fractions  from  the  crude  oil,  prevented  a  repetition,  on 
account  of  the  attention  demanded  by  more  important  lines  of 
work. 

The  hydrocarbons  described  above,  representing  a  consider- 
able proportion  of  Canadian  petroleum,  correspond,  in  boiling- 
points  and  in  composition,  to  those  separated  from  Ohio  Tren- 
ton limestone  petroleum.  An  explanation  of  the  higher  specific 
gravity  of  Canadian  crude  oil  and  commercial  products  obtained 
from  it,  as  compared  with  Ohio,  Pennsylvania,  West  Virginia, 
Kentucky  and  similar  crude  oils,  is  given  by  the  larger  pro- 
portion, in  the  Canadian  oil,  of  the  series  C«H2n  and  series 
poorer  in  hydrogen.  In  the  Canadian  crude  oil  this  series  be- 
gins in  the  fraction  196°,  a  temperature  much  lower  than  that 
at  which  it  is  found  in  any  of  the  other  petroleums  mentioned 
and,  no  doubt,  it  forms  a  much  larger  proportion  of  the  crude 
oil.  The  same  is  doubtless  true  of  the  series  still  poorer  in 
hydrogen.  As  shown  in  a  former  paper,  the  series  C„H2«  does 
not  appear  in  Pennsylvania  petroleum  until  the  hydrocarbon 
Ci7H3^  is  reached  ;  but  in  Pennsylvania  petroleum  the  first  hy- 
drocarbon of  this  series  is  CnH„.  In  Ohio  petroleum  the  series 
begins  with  the  hydrocarbon  CuH,^, 

Doubtless  the  changes  in  series  in  the  crude  oil  are  more 
gradual  than  appears  from  our  results.  One  distillation,  as 
conducted  in  a  refinery,  affords  only  a  partial  separation,  but  in 
long-continued  fractionations  the  tendency  toward  collection  "in 
heaps ' '  indicates  an  accumulation  of  the  hydrocarbons  in  the 
vicinity  of  their  boiling-points.  The  smaller  quantities  which 
collect  between  are  composed  of  mixtures  of  higher  and  lower 
boiling  hydrocarbons ;  doubtless  the  larger  portion  is  not  entirely 
free  from  higher  and  lower  boiling  constituents.  Perhaps  this 
causes  a  balancing  of  molecular  weights,  but  it  is  evident  that 
the  contaminating  higher  and  lower  bodies  are  not  suffi- 
cient in  amounts  to  interfere  with  determinations  that  establish 
the  formula  of  the  principal  hydrocarbon. 

The  following  table  gives  the  hydrocarbons  separated  from 
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Canadian  petroleum  and  the  chlorides  prepared  from  them, 
with  their  boiling-point  and  specific  gravity  : 


Formula.    Boiling-point. 

Sp.  gr.  at  20° 

Hydrocarbon 

C,.,H„ 

216° 

Chloride 

C,,H,3C1 

160° 

15  mm. 

0.9145 

Hydrocarbon 

C.aH,, 

228°-230° 

0.8087 

Chloride 

CijHgsCl 

165° 

"     " 

0.9221 

Hydrocarbon 

CuH,. 

I4i°-i43° 

50    " 

0.8096 

Chloride 

CuH^Cl 

180° 

15    " 

0.9288 

Hydrocarbon 

C15H30 

i59°-i69° 

50    " 

0.8192 

Chloride 

C15H29CI 

190° 

15    " 

0.9358 

III.  HYDROCARBONS  IN  SANTA  BARBARA  CRUDE  OIL. 

Composition  of  California  Petroleum  (^Continued). 

In  a  paper'  published  two  years  ago,  allusion  was  made  to  a 
specimen  of  peculiar  heavy  petroleum  that  had  been  received 
from  Mr.  J.  B.  Bardwell,  Summerland,  Santa  Barbara  County, 
Cal. ,  representing  the  heavy  oil  that  is  taken  from  wells  sunk  be- 
low the  Pacific  Ocean.  An  examination  of  this  petroleum  seemed 
desirable,  especially  because  it  is  the  heaviest  specimen,  with  one 
exception,  that  has  been  examined  in  this  laboratory.  It  rep- 
resents the  last  member  of  a  series  beginning  with  the  light- 
yellow  Berea  Grit  oil  from  Southern  Ohio,  which  was  found 
by  Mabery  and  O.  C.  Dunn^  to  be  the  lightest  petroleum  that 
had  come  to  our  knowledge. 

This  work  was  undertaken  by  Mr.  C.  V.  Zoul.^  The  oil,  as 
it  was  received,  had  the  consistency  of  heavy  tar  ;  it  would 
scarcely  flow  at  ordinary  temperatures. 

Its  sp.  gr.  was  0.9845  at  20°  ;  it  contained  0.84  per  cent 
sulphur,  1.25  per  cent  nitrogen,  86.32  percent  carbon  and  11.70 
per  cent  hydrogen,  showing  that  the  crude  oil  is  composed,  at 
least  to  a  large  extent,  of  hydrocarbons  poorer  in  hydrogen  than 
petroleum  from  most  other  sources.  In  attempting  to  ascertain 
the  composition  of  this  petroleum,  2,000  grams  were  fractionated 
under  60  mm.,  collecting  within  5°.  The  first  distillate  came 
over  at  200°  (atmospheric  pressure)  and  only  small  amounts 
were  collected  below  175°  (60  mm.).     The  distillation  was  car- 

1  p.  Am.  Acad.,  36,  255. 

*  This  Journal,  18,  i  (1S96). 

3  The  subject  of  a  thesis  for  the  degree  of  Bachelor  of  Science. 
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ried  to  365°,  without  attempting  to  collect  closer  than  in  5° 
fractions,  because  the  principal  object  was  to  ascertain  the  form 
of  the  hydrocarbons,  although,  as  will  appear,  the  fractions 
gave  fairly  close  values  for  their  molecular  weights. 

The  heavy  character  of  the  constituents  of  this  petroleum  is 
shown  by  the  specific  gravity  of  several  distillates  after  the 
fifth  distillation. 

i5o°-i55°-  305°-3io°.  325°-330°.  240°-245°. 

0.8649  0.9641  0.9739  0.9778 

The  residue  at  365°  from  2,000  grams  was  200  grams,  which 
showed  that  the  greater  portion  of  the  oil  distilled  between 
150°  and  360°,  or  within  a  range  of  about  200°.  Only  85 
grams  came  over  below  150°  (60  mm.)  ;  at  higher  tempera- 
tures the  fractions  collected  in  larger  amounts  at  certain  points 
and  these  distillates  were  selected  to  ascertain  the  series  of  hy- 
drocarbons : 

i55°-l6o°.     i75°-i8o°.     i95°-200°.     2lo°-2i5°. 

Weights  25  70  50  75 

223°-230°.     25o°-255°.     3io°-3i5°.    34o°-345°- 

Weights  75  -50  80  45 

Hydrocarbon  C^^H^^,  B.  P.  150° -155°  (60  mm.). — Before 
treatment  with  acids,  the  distillate  150°-! 55°  gave  sp.  gr. 
0.8649  at  20°  and  0.8621  after  purification  with  concentrated 
and  fuming  sulphuric  acid  and  sodium  hydroxide. 

The  percentages  of  carbon  and  hydrogen  corresponded 
to  the  formula  CigHj^. 

0.1357  gram  oil  gave  0.4312  gram  CO2  and  0.1653  gram 
H,0. 

Calculated  for 

C13H26.  Found. 

C  86.67  86.68 

H  13.33  13-62 

The  molecular  weight  of  this  hydrocarbon,  at  the  freezing- 
point  of  benzene,  indicated  the  same  formula. 

0.3641  gram  oil  and  18.17  grams  benzene  gave  a  depression 
of  0°. 541. 
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Calculated  for 

C13H24.  Found. 

180  181. 5 

A  determination  of  the  index  of  refraction  gave  1.4681,  from 
which  the  molecular  refraction  was  calculated  : 

Calculated  for 

C13H24.  Found. 

57-74  58.05 

Hydtocarbon  C^^H^,  B.  P.  i75°-i8o°  {60  mm.). — The  frac- 
tion 175°-! 80°  was  rather  thick  and  viscous,  with  sp.  gr. 
0.8832  at  20°  ;  after  purification  it  had  practically  the  same, 
0.8808.  Percentages  of  carbon  and  hydrogen  corresponded  to 
the  formula  CigHg^. 

0.1533  gram  oil  gave  0.4879  gram  COj  and  0.1797  gram 
H,0. 

Calculated  for 

CijHao.  Found. 

C  86.48  86.82 

H  13.52  13. II 

A  determination  of  molecular  weight,  at  the  freezing-point  of 
benzene,  gave  the  same  formula, 

0.7134  gram  oil  and  16.56  grams  benzene  gave  a  depression 
of  o°.974. 

Calculated  for 

C16H30.  Found. 

222  216.7 

The  index  of  refraction  was  found  to  be  1.470,  which  gave 
the  molecular  refraction  for  the  formula  CigHg^. 

Calculated  for 

C17H30.  Found. 

71.6  70.3 

Hydrocarbon  C^r,H^,  B.  P.  jgo°-i95°  {60  mm.). — Very  little 
diflference  in  specific  gravity  of  this  distillate  was  found  before 
and  after  purification.  The  values  were  0.8969  and  0.8919, 
respectively.  The  proportions  of  carbon  and  hydrogen  indi- 
cated a  change  in  series  from  C^Han-a  in  the  preceding  hydro- 
carbons to  C„H2«— 4. 

0.1444  gram  oil  gave  0.4628  gram  COj  and  0.1664  gram 
H,0. 
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Calculated  for 

C17H30.  Found. 

C  87.18  87.40 

H  12.82  12.90 

Determination  of  the  molecular  weight,  at  the  freezing-point 
of  benzene,  gave  a  value  for  the  formula  C^Hj^. 

0.8220  gram  oil  and  18.20  grams  benzene  gave  a  depression 
of  o°.92i. 

Calculated  for 

C17H30.  Found. 

234  240 

The  index  of  refraction  was  found  to  be  1,4778,  correspond- 
ing to  the  molecular  refraction  : 

Calculated  for 

C17H30.  Found. 

74.03  74.27 

Hydrocarbon  Q^/l^j,  B.  P.  2io°-2i3°  (60  mm.). — The  vis- 
cous distillate  2io°-2i5°  gave  sp.gr.  0.9085;  after  thorough 
treatment  with  concentrated  and  fuming  sulphuric  acid  in  gas- 
oline solution,  the  value  was  o.  8996.  The  carbon  and  hydrogen 
percentages  agreed  with  the  series  C«H2„_4. 

0.1494  gram  oil  gave  0.4787  gram  CO,  and  o. I7i3gram 
H,0. 

Calculated  for 

CisHso.  Found. 

C  87.10  87.38 

H  12.90  12.83 

An  i8-carbon  compound  was  shown  by  a  determination  of 
its  molecular  weight,  at  the  freezing-point  of  benzene. 

0.8281  gram  oil  and  18.94  grams  benzene  gave  a  depression 
of  0°. 864. 

Calculated  for 

C18H32.  Found. 

248  248 

The  index  of  refraction  was  found  to  be  1.484  at  20°  and 
the  molecular  refraction  : 

Calculated  for 

C18H32.  Found. 

78.64  78.86 
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Hydrocarbon  CJ^H^^,  B.  P.  2^0° -2^^°  (60  j?im.). — The  vis- 
cous distillate  250°-255°  gavesp.  gr.  0.9299  at  20°,  and  carbon 
and  hydrogen  percentages  for  the  series  C„H2n-4. 

0.1481  gram  oil  gave  0.4745  gram  COj  and  0.1628  gramHjO. 

Calculated  for 

C24H44.  Found. 

C  87.42  87.40 

H  12.58  12.29 

Determinations  of  the  molecular  weight,  at  the  freezing-point 
of  naphthalene,  gave  results  corresponding  to  the  formula  Cj^H^^. 

I.  0.5682  gram  oil  and  11.66  grams  naphthalene  gave  a  de- 
pression of  I°.022. 

II.  0.4777  gram  oil  and  12.21  grams  naphthalene  gave  a 
depression  of  0°. 8 19. 

Calculated  for  Found. 

C24H44.  I.  II. 

332  329  330 

Hydrocarbon  Q^H^^,  B.  P.  3io°-3i5°  (60  mm.). — This  dis- 
tillate was  very  thick  and  vi.scous.  For  purification  it  was 
dissolved  in  light  gasoline  ;  after  treatment  the  gasoline  was 
distilled  in  a  current  of  carbon  dioxide.  The  original  distillate 
gave  sp.  gr.  0.9548,  which,  by  treatment  with  acid,  became 
0-945i>  with  practically  no  change. 

The  carbon  and  hydrogen  had  values  required  for  the  series 

CnHaw— 8. 

I.  o.  1479  gram  oil  gave  0.4757  gram  CO^  and  0.1588  gram 
H,0. 

II.  0.1486  gram  oil  gave  0.4769  gram  COj  and  o.  1613  gram 
H,0. 


Calculated  for 

FOL 

ind. 

C27H4fl. 

I. 

II. 

c 

87-59 

87.72 

87-52 

H 

12.41 

12.00 

12.13 

A  determination  of  its  molecular  weight,  at  the  freezing-point 
of  benzene,  gave  a  value  required  for  a  27-carbon  compound. 

0.3985  gram  oil  and  17.488  grams  benzene  gave  a  depression 
of  0^.300. 

Calculated  for 

C27H40.  Found. 

370  372 
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This  formula  was  supported  by  the  index  of  refraction, 
1. 5 1 46,  from  which  the  molecular  refraction  was  calculated. 

Calculated  for 

C27H4e.  Found. 

116  118 

Hydrocarbon  Q^H^^,  B.  P.  3^o°-34S°  (60  mm.). — This  distil- 
late was  purified  as  before  in  light  gasoline.  After  the  gaso- 
line was  removed  there  remained  an  extremely  viscous,  light- 
yellow  oil,  that  would  scarcely  flow  at  ordinary  temperatures  ; 
sp.  gr.  0.9778  at  20°.  The  original  fraction  had  scarcely  any 
odor,  consequently  contained  no  phenol  derivative. 

The  purified  oil  gave  the  following  values  for  carbon  and  hy- 
drogen : 

0.1489  gram  oil  gave  0.4781  gram  CO2  and  0.1634  gfam 
H,0. 

Calculated  for 

C29HB0.  Found. 

C  87.44  87.76 

H  12.56  12.28 

The  higher  distillates  were  not  examined,  because  the  results 
described  above  are  sufficient  to  establish  the  composition  of  the 
main  body  of  the  crude  oil.  The  difficulties  in  separating  hy- 
drocarbons at  these  high  temperatures  at  all  well-fractioned 
and  of  obtaining  analytical  values  to  decide  their  composition, 
are  very  great.  It  is  evident  that  the  series  of  hydrocarbons 
which  compose  Santa  Barbara  petroleum,  explains  the  peculiar 
nature  of  the  oil,  which  is  unlike  any  other  that  has  been 
examined  in  this  laboratory.  The  most  volatile  distillates 
are  composed  of  the  series  CnHan— 2,  and  the  proportion 
of  hydrogen  gradually  falls  off  through  the  series  CnHan— 4 
and  CnHjn-s.  This  change  is  accompanied  by  a  corre- 
sponding increase  in  specific  gravity.  These  viscous  hydro- 
carbons evidently  approach  the  constituents  of  the  asphaltic 
oils  and  natural  tars.  It  is  easy  to  see  how  petroleum  is  con- 
verted, by  slow  evaporation  under  natural  conditions,  into  the 
great  beds  of  tars  and  asphalts  and  this  affords  the  most  proba- 
ble explanation  of  their  formation. 

The  hydrocarbons  described  in  this  paper,  with  their  boiling- 
point  and  specific  gravity,  are  brought  together  in  the  follow- 
ing table  : 
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Hydrocarbons  Separated  from  Santa  Barbara  (Ca/.)  Petroleum. 


Formula. 

Boiling-point. 

Sp.  gr.  at  20". 

Hydrocarbon 

CisH„ 

i50°-i55°.  60  mm. 

0.8621 

CigHjo 

i75°-i8o°,      " 

0.8808 

^--n^so 

i90°-i95°,      " 

0.8919 

^18^32 

2IO°-2I5°,        " 

0.8996 

Cj^H^ 

250^-255°,      " 

0.9299 

CjtH^ 

3io°-3i5°.      " 

0.9451 

^29  ■'^50 

340°-345°,      " 

0.9778 

IV.    SEPARATION    OF    SOLID    PARAFFIN    HYDROCARBONS    FROM 

PETROLEUM  WITHOUT  DISTILLATION. 

By  Charles  F.  Mabery  and  Otto  J.  Sieplein. 

By  the  method  of  distillation,  which  is  the  only  means  for 
the  separation  of  the  petroleum  hydrocarbons,  it  is  not  possi- 
ble to  determine  whether  the  solid  paraffin  hydrocarbons  are 
contained  in  the  crude  oil  or  whether  they  may  not  be  formed 
by  decomposition. 

As  a  direct  proof  that  the  solid  hydrocarbons  are  actually 
contained  in  petroleum  we  have  separated  them  without  dis- 
tillation. Three  kilos  of  an  average  specimen  of  Pennsylvania 
crude  petroleum  were  allowed  to  stand  in  a  shallow  pan,  exposed 
to  a  current  of  air,  in  a  strong  flue  draft,  for  thirty  days.  The 
change  was  shown  by  the  increase  in  specific  gravity  : 

Sp.  gr.  at  15° 
before  exposure. 

Dec.  9.  Dec.  12.  Jan.  8. 

0.815  0,840  0.862 

When  taken  from  the  flue,  January  8th,  the  residue  weighed  i 
kilo,  which  showed  a  loss  of  66.67  P^r  cent.  The  original  oil 
distilled  as  follows  : 

5o°-i5o°.         i50°-200°.        2oo°-25o°.      250°-300°.         +300°. 

21  per  cent     ii  per  cent     ii  percent     13  percent     42  per  cent 

The  residue  above  300°  is,  therefore,  about  the  same  in 
weight  as  the  residue  left  by  evaporation.  That  the  loss  by 
evaporation  had  practically  ceased  at  the  end  of  one  month 
was  shown  by  allowing  the  residue  to  stand  one  year  in  the 
same  place,  exposed  to  draft  as  before,  but  there  was  no 
change  in  weight  nor  in  specific  gravity. 
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Combustion  of  the  crude  oil  : 

0.1968  gram  oil  gave  0.4915  gram  CO,  and  0.2512  gram 
H,0. 

C  85.51 

H  14.18 

Combustion  of  the  residue  after  thirty  days'  evaporation  : 
0.1559   gram  oil  gave  0.4925  gram   CO,  and  0.1559  gram 
H,0. 

C  86.16 

H  13.69 

Evaporation  of  the  portions  with  lower  boiling-points,  which 
form  the  greater  part  of  the  series  C„H2n  +  2,  leaves  a  larger 
proportion  or  series  poorer  in  hydrogen,  CnHjn  and  CnHan^s, 
corresponding  to  the  composition  shown  by  analyses. 

On  cooling  with  ice  the  residue  from  evaporation  became 
quite  solid. 

On  distillation,  28  per  cent  came  over  below  30°,  6  per  cent 
at  3oo°-36o°,  with  a  residue  above  360°  of  66  per  cent. 

The  amount  of  solid  hydrocarbons  in  the  residue  was  deter- 
mined b}'  the  method  suggested  by  Zalioziecki.  Fifty  grams 
of  the  residue  with  fused  oil,  mostly  isoamyl  alcohol,  was 
allowed  to  stand  at  0°  for  24  hours  ;  250  grams  alcohol 
were  then  added  and  the  precipitate  collected  on  a  filter  and 
washed  with  a  mixture  of  fusel  oil  and  alcohol.  The  precipi- 
tate on  the  filter-paper  was  then  placed  in  an  extraction  appara- 
tus and  extracted  with  benzene.  After  evaporation  of  the  ben- 
zene the  residue  was  heated  to  140°  for  i  hour  to  remove  the 
last  traces  of  fusel  oil.  Nineteen  and  eight-tenths  grams  of  a 
greenish-black  solid  remained,  melting  at  32°,  equivalent  to 
39.6  per  cent  of  the  hea\'y"  residue,  or  to  14  per  cent  of  the 
original  oil,  before  evaporation. 

The  solid  was  again  dissolved  in  fusel  oil  and  precipitated 
by  alcohol,  giving  a  smaller  quantity  melting  at  45°.  This 
treatment,  repeated,  gave  a  light-brown  substance  melting  at 
57°,  w^hich  was  then  dissolved  in  ether  and  precipitated  by 
alcohol ;  this  product  had  less  color  and  another  treatment 
gave  a  w^hite  solid  melting  at  61°.     Its  sp.  gr.  was  0.7966  at 
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70°,  corresponding  to  that  of  paraflSn  and  it  gave  percentages 
of  carbon  and  hydrogen  required  for  parafiSn  hydrocarbons. 

0.1511  gram  substance  gave  0.4730  gram  COj  and  0.1984 
gram  HjO. 

C  85.37 

H  14-69 

The  specific  gravity,  melting-point  and  composition  of  this 
substance  indicate  that  it  was  composed  of  parafl&n  hydrocar- 
bons and  demonstrated  the  presence  of  solid  parafl&n  hydrocar- 
bons in  Pennsylvania  petroleum. 

Parafl&n  collected  from  heavy  distillates  in  the  refinery  is, 
therefore,  obtained  as  it  exists  in  the  original  crude  oil  and  is 
not  formed  during  distillation.  Indeed,  as  explained  in  an- 
other paper,  it  cannot  be  formed,  for  any  decomposition  of 
petroleum  hydrocarbons  by  heat  removes  hydrogen,  with  a 
conversion  of  the  hydrocarbon  substances  into  a  lower  series  ; 
for  example,  of  the  parafl&n  hydrocarbons  of  the  series  CnHjn  +  2 
into  the  series  CnHzn,  C„H2m— 2,  etc.  and,  perhaps,  also  forming 
methylenes  and  condensed  methylenes.  Such  changes  do  not 
involve  an  absorption  of  oxygen  into  the  hydrocarbon  mole- 
cule, but  a  removal  of  hydrogen,  by  oxygen,  as  water.  That 
oxygen  compounds  of  the  nature  of  phenols  are  found  in  petro- 
leum from  various  fields  has  been  fully  demonstrated  inde- 
pendently by  Richardson  and  by  Mabery  (data  not  published) 
and  it  is  quite  probable  that  most  petroleums  contain  these 
bodies  to  a  greater  or  less  extent ;  but  they  have  been  formed 
by  natural  processes. 

In  ordinary  refinery  distillation  there  is  probably  little  de- 
composition below  300°,  but  at  this  point  "cracking"  begins  and 
increases  rapidly  to  the  end.  There  are,  doubtless,  reactions 
at  higher  temperatures  between  nitrogen,  sulphur  and  oxygen 
compounds.  Then  the  breaking  down  in  series  begins,  with 
loss  of  hydrogen,  through  the  asphaltic  hydrocarbons,  until 
finally  coke  is  reached,  which  forms  a  considerable  proportion 
of  the  products  of  refining. 

V.    THE    SOI.ID    PARAFFIN   HYDROCARBONS   THAT   COLI^ECT  IN 
CERTAIN  OIL  WELLS  IN  PENNSYLVANIA. 

In  attempting  to  determine  the  series  of  hydrocarbons  and 
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members  of  the  series  that  form  the  solid  constituents  of  Penn- 
sylvania petroleum,  it  seemed  of  interest  to  examine  the  semi- 
solid product  that  collects  in  considerable  quantities  in  some  of 
the  Pennsylvania  wells,  especially  at  Coreopolis,  Pa.  The 
Petrolatum  Co.  collects  large  quantities  of  this  pasty  substance 
from  their  wells  and  from  it  manufactures  various  prepa- 
rations, such  as  vaseline  and  cosmoline.  The  crude  product  is 
obtained  in  the  form  of  a  light-yellow,  pasty  mass,  from  which 
it  is  impossible  to  separate  a  solid  by  pressure  in  filter-paper  or 
by  filtration.  It  evidently  consists  of  an  emulsion  of  the  high- 
boiling  oils  with  the  solid  hydrocarbons,  which,  no  doubt,  are 
in  part  dissolved  in  the  oily  constituents. 

Having  obtained  several  gallons  of  this  substance  through 
the  kindness  of  the  Coreopolis  Petrolatum  Company  in  Octo- 
ber, 1898,  I  undertook  an  examination  of  it  with  the  principal 
object  of  proving  the  presence  of  solid  hydrocarbons  and  iden- 
tifying their  composition,  as  to  series  and  molecular  formulas, 
for  comparison  with  the  solid  hydrocarbons  which  I  have  sepa- 
rated from  Pennsylvania  crude  oil  and  from  commercial  paraffin. 
These  semi-solid  emulsions  have,  no  doubt,  been  formed  by 
evaporation  of  the  lighter  constituents  of  petroleum  and  the 
solid  hydrocarbons  are,  therefore,  what  were  contained  in  the 
original  petroleum.  An  opportunity  was  also  afforded  to  con- 
firm the  presence  of  the  solid  constituents  of  paraffin  in  crude 
petroleum,  a  question  concerning  which  a  doubt  is  often  ex- 
pressed by  refiners. 

The  specimen  was  received  in  the  form  of  a  thick  paste,  with 
sp.  gr.  0.8345  at  60°.  In  beginning  the  distillation  9380  grams 
were  distilled  in  a  porcelain  still,  under  50  mm.  pressure  and 
the  distillates  collected  in  the  following  quantities  : 

-195°.      i95°-2oo°.     20o°-245°.    245°-265°.     265°-285°. 

Grams  905     865     895     850     830 

285°-3i5°.  3i5°-33o°-  33o°-342°.  Residue. 

Grams      200  790  885  3000 

Distillation  of  these  fractions  was  continued  within  10°,  5*^ 
and  2°  until,  after  the  sixth  distillation,  larger  quantities  col- 
lected at  the  following  temperatures  : 
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242°-244°     268°-27o°     28o°-282°     3o8°-3io°     328°-33o° 

340°-342°     352^-354°     368*'-37o°     382°-384° 

Because  the  distillates  below  268°  showed,  by  their  thin  pasty 
condition,  that  they  contained  only  small  proportion  of  solid 
hydrocarbon,  no  attempts  were  made  to  separate  their  constitu- 
ents. The  fraction  272°-274°  gave  sp.  gr.  0.81 16  at  20°  and 
the  following  percentages  of  carbon  and  hydrogen  : 

0.1600  gram  substance  gave  0.5058  gram  CO,  and  0.1963 
gram  H,0. 

Calculated  for 

C25H48.  Found. 

86.21  86.22 

13-79  13-73 

This  fraction,  therefore,  consisted  mainly  of  a  hydrocarbon 
of  the  series  C„H2»— 2,  and  the  same  will  appear  in  the  higher 
fractions  to  be  described. 

On  cooling  the  distillates  with  salt  and  ice  and  attempting  to 
separate  the  solid  by  filtration  under  pressure,  the  emulsion  was 
so  complete  that  scarcely  any  of  it  remained  on  the  filter  ;  but 
such  a  wide  difference  was  observed  in  the  solubility  in  ether 
and  alcohol,  between  the  crystalline  and  amorphous  solid, 
that  it  afforded  an  easy  means  of  separation. 

The  distillate  272°-274°  (30  mm.)  was,  therefore,  dissolved 
in  a  suitable  mixture  of  ether  and  alcohol,  cooled  with  salt  and 
ice  and  filtered  cold.  The  solid  collected  was  pressed  and  the 
crystallization  repeated,  which  gave  a  perfectly  white  crystal- 
line hydrocarbon  melting  at  50°-5i°,  giving  sp.  gr.  0.7900  at 
60°  and  carbon  and  hydrogen  indicating  the  series  C„H2»  +  2- 

0.1516  gram  substance  gave  0.4728  gram  COj  and  0.1973 
gram  H.^0. 


Calculated  for  tetracosane, 
C24H60. 

Found. 

c 

85.21 

85.06 

H 

14.79 

14.56 

The  quantity  of  the  solid  hydrocarbon  obtained  was  small, 
evidently  not  sufficient  to  influence  the  proportions  of  carbon 
and  hydrogen  in  the  unfiltered  distillate.  Although  the 
amount  obtained  was  not  enough  for  a  determination  of  its 
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molecular  weight,  its  melting-point  and  specific  gravity, 
identical  with  those  of  the  hydrocarbon  tetracosane  separated 
from  the  paraffin  distillate  2'j2°-2-j^°,  indicate  that  it  has  the 
same  composition. 

Tetracosane,  obtained  by  Krafft^  by  reduction  of  the  ketone 
derived  from  barium  stearate  and  barium  heptylate,  melted  at 
51°,  but  the  specific  gravity  of  KraflPt's  hydrocarbon  was  some- 
what lower  than  that  of  the  hydrocarbon  from  petroleum. 

The  quantities  of  the  distillates  between  274°  and  316°  were 
too  small  to  permit  of  a  separation  of  crystalline  hydrocarbons 
in  sufficient  amounts  for  identification  of  individual  constitu- 
ents. 

The  pasty  solid  collected  at  3i6°-3i8°  (50  mm.)  yielded  a 
solid  hydrocarbon,  by  crystallization  from  alcohol  and  ether, 
that  melted  at  66°.  The  crude  distillate  gave  sp.  gr.  0.8212  at 
20°. 

0.1564  gram  substance  gave  04935  gram  CO,  and  0.1939 
gram  HjO. 


Calculated  for  hentricontane, 
C23H54. 

Found. 

c 

H 

86.15 
13-85 

86.05 
13.80 

The  purified  solid  gave  sp.  gr.  0.7997  ^t  70°  and  carbon  and 
hydrogen  required  for  the  series  C^Han  + 1- 

0.1499  gram  substance  gave  0.4698  gram  CO2  and  0.1969 
gram  H,0. 

Calculated  for 

C31H64.  Found. 

C  85.31  85.45 

H  14.69  14-69 

The  formula  of  this  hydrocarbon  was  further  verified  by  its 
molecular  weight. 

0.364S  gram  substance  and  12,12  grams  naphthalene  gave  a 
depression  of  o°.47i. 

Calculated  for 

C3iH(54.  Found. 

1  Ber.  d.  chem.  Ges.,  15,  1718  (1882). 
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From  the  ketone  palmiton,  CgiHg^O,  Krafift'  prepared  hentri- 
contane,  CajHg^,  m.  p.  68°.  i,  which  differs  but  slightly  from 
that  of  the  hydrocarbon  separated  from  petroleum,  66°. 

Because  the  solid  hydrocarbon  formed  such  a  small  proportion 
of  the  original  distillate  that  it  did  not  affect  materially  the  com- 
position of  the  latter,  it  evidently  could  not  be  compared  with 
the  hydrocarbon  separated  from  the  corresponding  distillate 
from  paraffin,  nor  with  that  from  crude  Pennsylvania  petro- 
leum, for  the  predominating  constituents  should  materiallly 
affect  the  boiling-points  of  all  the  minor  solid  ones.  This  is 
shown  to  be  true  by  the  high  molecular  weights  and  high 
melting-points  of  the  hydrocarbons  separated  from  Coreopolis 
distillates,  so  far  as  they  could  be  determined.  The  distillate 
collected  at  328^-330°  (50  mm.),  after  filtration  from  the 
solid,  had  sp.  gr,  0.8235  at  70°  ;  after  crystallization  from 
ether  and  alcohol  the  white  solid  had  sp.  gr.  0.7982  at  70°. 
The  proportions  of  carbon  and  hydrogen  agreed  with  the  for- 
mula of  the  series  C„H2«  +  2. 

The  original  distillate  gave  sp.  gr.  0.8217.      Analysis  : 

0.1586  gram  substance  gave  0.4995  gram  CO^  and  0.1925 
gram  HjjO. 

Calculated  for 

CooHse.  Found. 

C  86.14  85.86 

H  13.86  13.57 

The  solid,  purified  by  means  of  ether  and  alcohol,  gave  pro- 
portions of  carbon  and  hydrogen  corresponding  to  the  series 

0.1549  gram  solid  gave  0.4842  gram  CO,  and  0.2075  gram 
H,0. 

Calculated  for 

C^Hoo-  Found. 

C  85.33  85.25 

H  14-67  14-98 

The  melting-point  of  the  crystalline  hydrocarbon  was  67°- 
68°  ;  its  molecular  weight,  at  the  boiling-point  of  benzene  and 
also  at  the  freezing-point  of  naphthalene,  indicated  the  next 
higher  homologue,  CsjHgg,  dotricontaue,  but  the  small  quantity 

1  Ber.  d.  chem.  Ges.,  ig,  1714. 
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of  substance  available  for  this  determination  was  not  sufl&cient 
to  yield  satisfactory  results. 

The  specific  gravity  of  the  unpurified  distillate  342°-344° 
(50  mm.)  was  0.8288  ;  after  separation  of  the  solid  by  freezing 
and  purification  by  crystallization  from  ether  and  alcohol,  itssp. 
gr.  was  0.8005  at  75°  and  it  melted  at  68 ^-70°.  The  unpuri- 
fied distillate  gave  carbon  and  hydrogen  corresponding  to  the 
series  C„H2n— 2. 

o.  1517  gram  substance  gave  0.4784  gram  COj  and  0.1850 
gram  H^O. 

Calculated  for 

C30H5J.  Found. 

C  86.12  86.06 

H  13.88  13.64 

The  purified  solid  gave  proportions  of  carbon  and  hydrogen 
required  for  the  series  C^Hzn  +  a- 

0.1544  gram  solid  gave  0.4816  gram  CO2  and  0.2060  gram 
H,0. 

Calculated  for 

CjoHjo.  Found. 

C  85.33  85.06 

H  14-67  14.92 

The  molecular  weight,  determined  by  the  boiling-point 
method,  confirmed  the  formula  Cg.^Hgg. 

0.5127  gram  substance  and  12.23  grams  benzene  gave  a  de- 
pression of  0^.654. 

Calculated  for 

CssHoo-  Found. 

438  442 

As  mentioned  above,  the  solid  hydrocarbons  form  a  small 
proportion  of  the  original  oil ;  the  small  amounts  that  col- 
lect at  328°-33o°  and  340°-342°  have,  doubtless,  nearly  the 
same  composition,  CjjHgg. 

The  distillate  366°-368°  (50  mm.),  before  treatment,  had 
sp.  gr.  0.8312  ;  the  solid  hydrocarbon  separated  by  freezing, 
filtration  and  crystallization  from  ether  and  alcohol,  had  sp. 
gr.  0.8009  at  80°  and  melted  at  ji°-'j2°.  The  carbon  and  hy- 
drogen in  the  unpurified  distillate  corresponded  to  the  formula 
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0.1485  gram  substance  gave  0.4982  gram  COjando.  1851 
gram  H,0. 


Calculated  for 

CsiHen. 

Found. 

c 

86.11 

85.96 

H 

13.89 

13-94 

The  solid  separated  from  the  fraction  366°-368°,  after 
purification,  gave  85.41  per  cent  carbon  and  14.74  P^^  cent  hy- 
drogen, corresponding  to  the  series  C„H2n  +  2 ;  it  was  present  in 
only  small  quantity  and  probably  differed  but  slightly  from 
the  hydrocarbon  contained  in  the  fraction  342°-344°. 

The  close  agreement  to  the  series  CnHjn— 2,  iu  the  composition, 
of  the  untreated  distillate,  before  removing  the  solid  hy- 
drocarbon, is  due,  as  explained  above,  to  the  very  small  pro- 
portion of  the  latter,  which  is  CnHjn  +  a-  The  oils  separated' 
by  filtration  are  evidently  composed,  for  the  greater  part,  of 
the  series  C„H2n— 2,  although  the  low  percentage  of  hydrogen 
may  indicate  the  presence,  in  small  amounts,  of  a  series  even 
poorer  in  hydrogen. 

The  untreated  distillate  38o°-384°  (50  mm.)  gave  sp.  gr. 
0.8336,  and  the  solid  hydrocarbon  obtained  by  freezing,  filtra- 
tion and  crystallization  from  ether  and  alcohol,  0.8052  at  80°. 
It  melted  at  76°.  Determinations  of  carbon  and  hydrogen  in- 
dicated the  series  CnHjn— 2. 

0.1560  gram  substance  gave  0.4898  gram  CO,  and  o. i943'. 
gram  H,0. 


Calculated  for 

Found. 

c 

86.08 

95.82 

H 

13.92 

13-93 

The  purified  solid  contained  carbon  and  hydrogen  required! 
for  the  series  CnHaw  +  2. 

0.1501  gram  solid  gave  0.4695  gram  COj,  and  0.1974  gram. 
H,0. 

Calculated  for 

CasHjo.  Found. 

c  85.37  85-33 

H  14.63  14.71 
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The  molecular  weight  of  the  solid,  by  the  boiling-point 
method,  corresponded  to  the  same  formula. 

1. 001 2  gram  substance  and  24,72  grams  benzene  gave  a  rise 
of  0°. 212. 

Calculated  for 

C35H72.  Found. 

492  490 

As  the  molecular  weights  of  the  hydrocarbons  of  these  series 
increase,  the  determinations  become  more  and  morediflScult  and 
uncertain.  The  values  obtained,  together  with  the  other  data, 
support  the  formulas  given.  With  the  high-boiling  liquids 
there  is  less  trouble  than  with  solids. 

As  formerly  explained,  the  freezing-point  of  benzene  cannot 
be  relied  on  for  solid  hydrocarbons  with  molecular  weights 
much  above  C^qH^j.  At  its  boiling-point,  benzene  can  be  de- 
pended on  for  a  somewhat  higher  range,  but  becomes  uncertain 
with  hydrocarbons  in  the  vicinity  of  CsoHg^.  Other  solvents  are 
equally  uncertain  on  account  of  a  lack  of  solubility  or  variable 
influence  of  the  dissolved  substance  on  the  freezing-point.  After 
long  trial  with  naphthalene,  which  promised  reliable  results  on 
account  of  its  free  solvent  power  and  large  depression,  we  found 
that  the  substances  which  had  melting-points  not  far  removed 
from  that  of  naphthalene  gave  variations  in  depression  too 
great  for  reliable  calculations  of  molecular  weights. 

Solid  Hydrocarbons  in  Pennsylvania  Oil  Wells. 


Formula. 

Melting-point. 

Specific  gravity. 

Tetracosane 

^24-'^  50 

5o°-5i° 

0.7900  at  60* 

Hentricontane 

CsiHg^ 

66° 

0.7997  at  70' 

Dotricontane 

^32^66 

67°-68° 

0.8005  at  75* 

Tetratricontane 

^3*-^«  70 

7i°-72° 

0.8009  at  80' 

Pentatricontane 

'^35-'^72' 

76° 

0.8052  at  80* 

6^ 


Hydrocarbons  of  the  series  C„H2«  +  2  have  now  been  identi- 
fied in  Pennsylvania  petroleum  in  continuous  series,  with  but 
few  members  wanting,  from  butane,  C^H^q,  b.  p.  — 10°,  to 
pentatricontane,  CggH^,  b.  p.  38o°-384°,  50  mm.  Jt 

VI.    COMPOSITION  OF  COMMERCIAL  PARAFFIN.^ 

It  has  been  questionable,  even  with  refiners  of  petroleum  of 

1  A  part  of  the  work  described  in  this  paper  was  performed  by  Mr.  H.  R.  Payne, 
and  formed  the  subject  of  a  thesis  for  the  degree  of  Bachelor  of  Science. 
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long  experience,  as  to  whether  paraffin  is  actually  present  in 
the  crude  oil  or  whether  it  is  a  result  of  change  during  the 
process  of  refining.  It  therefore  seemed  of  interest  to  ascertain 
whether  the  hydrocarbons,  of  which  commercial  paraffin  is 
composed,  are  identical  with  the  solid  constituents  of  the  crude 
oils  that  yield  paraffin. 

The  method  of  distillation  was  the  same  as  that  employed  in 
distilling  the  crude  oil,  except  that  it  was  found  necessary  to 
pack  the  neck  of  the  flask  with  a  thick  coating  of  asbestos. 
With  exclusion  of  air  it  was  found  that  paraffin  could  be  dis- 
tilled definitely  with  no  decomposition,  but  introduction  of  air, 
either  by  leaks  or  by  accident,  caused  serious  decomposition,  as 
shown  by  the  dark  color  and  disagreeable  odor  of  the  distil- 
lates. 

Fifteen  hundred  grams  of  the  best  commercial  paraffin  was 
distilled  under  40  mm.  and  the  distillates  collected  at  first 
within  10°,  then  5°  and  finally  within  2°,  altogether  seven 
times.  The  lowest  distillate  collected  below  250°  and  the  final 
residue,  above  350°,  was  only  30  grams.  All  the  distillates 
were  colorless,  except  the  residue,  which  was  slightly  brown 
and  nearly  odorless.  The  distillates  collected  in  larger  quan- 
tities at  temperatures  corresponding  to  the  boiling-points  of  hy- 
drocarbons separated  from  the  crude  oil  as  follows  : 

Grams. 

256°-258°  90 

272°-274°  45 

282°-284°  70 

292^-294°  30 

Tricosane  C,^H^^,  B.  P.  256°-258°  (40  mm.).— The  distillate 
256°-258°,  without  purification,  melted  at  48°  and  this  was 
not  raised  by  crystallization  from  alcohol  and  ether.  Tri- 
cosane obtained  by  KrafEt'  melted  at  47°. 7.  Its  sp.  gr.  was  de- 
termined above  its  melting-point  : 

60°         0.7836  70°         0.7814  80°         0.7807 

The  sp.  gr.  of  tricosane  from  petroleum  differs  materially 
from  that  of  the  hydrocarbon  which  Krafi"t  obtained  from  the 
ketone,  laurone  : 

'  Ber.  d.  chem.  Ges.,  15,  1713  (1882). 


Grams. 

3i6°-3i8° 

35 

332°-334° 

20 

346^-348° 

40 
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47°. 7      0.7785  80°. 8      0.7570  88°.8       0.7456 

Carbon  and  hydrogen  were  in  proportions  required  for  the 
series  C„H2„^2- 

0.  1510  gram  substance  gave  0.4710  gram  CO2  and  0.1989 
gram  H^O. 

Calculated  for 

C;3H4s.  Found. 

C  85.20  85.06 

H       .  14.80  14.73 

A  determination  of  its  molecular  weight,  at  the  boiling-point 
of  benzene,  gave  a  value  required  for  tricosane. 

0.8907  gram  solid  and  24.24  grams  benzene  gave  a  rise  of 
o°.295. 

Calculated  for 

C23H4J.  Found. 

Tetracosane  C^Ji-^,  B.  P.  2'j2°-2y4°  (40  mm.). — This  distil- 
late melted,  without  purification,  at  50°-5i°  and  was  not 
changed  by  crystallization  from  alcohol  and  ether.  Krafft's 
tetracosane,  obtained  from  the  ketone  derived  from  barium 
stearate  and  barium  heptylate,  melted  at  51°.!.  The  quantity 
of  tetracosane  obtained  was  not  sufficient  to  determine  its 
specific  gravity. 

This  hydrocarbon  was  shown,  by  analysis,  to  belong  to  the 
series  C^Hzn  +  2 : 

1.  0.1424  gram  substance  gave  0.4451  gram  COj  and  0.1923 
gram  H.,0. 

II.  o.  1460  gram  substance  gave  0.4551  gram  COj  and  o.  1955 
gram  H,0. 

III.  0.1443  gram  substance  gave  0.4502  gram  CO2  and 
0.1924  gram  HjO. 


Calculated  for 

Found. 

^24^00- 

I. 

II. 

III. 

c 

85.21 

85-25 

85.00 

85.08 

H 

14.79 

14.96 

14.97 

14.91 

The  formula  was  verified  by  a  determination  of  its  molecular 
weight. 

3.0316  gram  oil  and  22.42  grams  benzene  gave  a  rise  of 
i°.034. 
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Calculated  for 

C24H50.  Found. 

338  335 

Peniacosane  C^Jti.^^^B.  P.  282°-284°  (40  mm.). — The  melting- 
point  of  the  unpurified  distillate,  282°-284°,  was  53°-54°  ;  after 
crystallization  from  ether  and  alcohol  it  melted  at  54°.  Its 
sp.  gr.  was  determined  above  its  melting-point. 

60°  0.79 1 1  80°  0.7870 

70°  0.7881  90°  0.7854 

Analysis : 

0.1467  gram  substance  gave  0.4578  gram  CO^  and  o.  1 950- 
gram  H^O. 

Calculated  for 

C25H62.  Found. 

C  85.23  85.09 

H  14.77  14.88 

The  formula  was  confirmed  by  a  determination  of  its  molec- 
ular weight. 

1.4324  grams  substance  and  8.5282  grams  benzene  gave  a 
rise  of  i°.265. 

Calculated  for 

C25H52.  Found. 

352  354 

Hexacosane  Q^H^^,  B.  P.  2g4°-2g6°  (40  mm.). — After  the 
seventh  distillation,  25  grams,  collected  at  294°-296°,  melted 
at  55^-56°  and  was  not  changed  by  crystallization  from  ether 
and  alcohol.     Its  sp.  gr.  above  its  melting-point  was  : 

60°  0.7938  80°  0.7893 

70°  0.7918  90°  0.7879 

The    carbon    and    hydrogen    corresponded    to    the    series 

0.1526  gram  solid  gave  0.4757  gram  COj  and  0.2027  gram 
H,0. 

Calculated  for 

C26H54.  Found. 

C  85.23  85.02 

H  14.77  14.86 

Its  molecular  weight,  found  at  the  boiling-point  of  benzene, 
verified  the  formula. 
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1.6742  grams  substance  and  13. 151  grams  benzene  gave  a 
rise  of  o°.93. 

Calculated  for 

C26H54.  Found. 

366  365 

Octocosane  Q,H,„  B.  P.  3i6°-3i8°  (40mm.).— At  3i6°-3i8° 
35  grams  collected  after  the  seventh  distillation  with  m.  p. 
'60°  which  was  not  changed  b)^  crystallization  from  ether  and 
alcohol.      The   carbon    and    hydrogen    indicated    the   series 

0.1586  gram  oil  gave  0.4954  gram  CO^  and  0.2122  gram 

Calculated  for 

C28H58.  Found. 

C  85.28  85.17 

H  14-72  14-96 

A  determination  of  its  molecular  weight  corresponded  to  the 
formula  C^gH-g. 

I-  1-3337  grams  solid  and  23.73  grams  benzene  gave  a  rise 
of  o°.362. 

II.  1.7964  grams  solid  and  21.96  grams  benzene  gave  a  rise 
ofo°.53. 

Calculated  for  Found. 

CasHss.  I.  II. 

394  397  396 

Nonocosane  C^^H^,  B.  P.  j46°-348°  (40  mm.). — At  346°- 
348°  40  grams  collected,  m.  p.  62°-63°.  It  gave  percentages 
of  carbon  and  hydrogen  indicating  the  series  C  H2«  +  2- 

0.1520  gram  solid  gave  0.4752  gram  COj  and  0.2062  gram 

Calculated  for 

CioHjo.  Found. 

C  85.28  85.27 

H  14-72  14.87 

Molecular  weight  determinations  : 

I.  1.6181  gram  substance  and  23.57  grams  benzene  gave  a 
rise  of  o°.4i. 

II.  1.6236  grams  substance  and  23.99  grams  benzene  gave  a 
rise  of  o°.402. 
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Calculatedfor  Found. 

CooHcQ.  I.  II. 

406  405  408 

The  solid  distilling  above  350°  has  the  composition  of  the 
series  C„H2«-2  as  shown  by  analysis  : 

0.1469  gram  solid  gave  0.4581  gram  CO,  and  0.1947  gram 
H,0. 

Calculated  for 

CaoHco.  Found. 

C  84.31  85.04 

H  1469  14.82 

Becau.se  only  2  per  cent  of  the  original  paraffin  taken  for  dis- 
tillation remained  as  a  residue  at  350°,  the  solid  hydrocarbons 
composing  the  main  body  of  paraflBn  produced  in  the  refinery 
are  evidently  members  of  the  series  C„H2„  +  2-  They  do  not 
contain  oxygen,  as  is  frequently  stated,  at  least  not  those  that 
can  be  distilled.  It  is  not  reasonable  to  assume  that  they  have 
been  formed  from  other  constituents  b}^ '  'cracking, ' '  because  such 
decompositions  give  rise  to  hydrocarbons  of  lower  molecular 
weight.  It  is  well  known  that  paraffin,  when  exposed  to  air, 
may  be  decomposed  completely  by  heat  into  lower  hydrocar- 
bons. In  mass  we  have  found  that  it  may  be  distilled  indefi- 
nitely by  exclusion  of  air,  but  it  cannot  be  distilled  in  air  with- 
out decomposition. 

Thorpe  and  Young^  subjected  shale  paraffin  to  distillation, 
under  pressure,  in  a  bent  tube  so  arranged  that  the  paraffin 
could  be  repeatedly  distilled.  The  distillation  was  continued 
until  the  solid  was  converted  into  bodies  that  remained  liquid 
at  ordinary  temperatures.  This  liquid  proved  to  consist  of 
two  series  of  hydrocarbons  ;  of  the  series  C„H2n  +  2,  the  hydro- 
carbons C^Hjj  to  Cj^Hj^  were  identified  and  of  the  series  C„H2« 
the  ethylene  hydrocarbon  compounds  C^Hjo  to  C^^^^. 

It  is  our  intention  to  examine  the  products  of  the  distillation 
of  paraffin  in  air  to  observe  the  changes  in  "cracking".  It  is  an 
interesting  question  as  to  whether  any  relation  exists  between 
the  paraffin  hydrocarbons  and  the  methylenes,  with  reference 
to  the  organic  origin  of  these  bodies  and  whether  the  series 
are  interconvertible  by  natural  agencies. 

1  Ber.  d.  chem.  Ges.,  5,  556  (1872). 
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Hydrocarbons  in  Commercial  Paraffin. 


Formula. 

Melting-points. 

Specific  gravity. 

Tricosane 

*^23^48 

48° 

0.7886  at  60' 

Tetracosane 

C24H50 

50°-5i° 

Pentacosane 

C25H52 

53°-54° 

0.7941  at  60' 

Hexacosane 

^26^54 

55°-56° 

0.7968  at  60' 

Octocosane 

^2S       58 

60° 

Nonocosane 

^29  •'-'^60 

62°-63° 

VII.    COMPOSITION     OF    COMMERCIAL    VASELINE,     COSMOLINE^ 
AND  SIMILAR  PRODUCTS. 

After  ascertaining  the  composition  of  the  constituents  of  Penn- 
sylvania petroleum  with  high  boiling-points  and  the  composition 
of  the  semi-solid  product  used  at  Coreopolis  for  the  manufacture 
of  the  medicinal  preparations,  it  seemed  of  interest  to  investi- 
gate the  composition  of  the  commercial  products  for  compari- 
son with  specimens  obtained  directly  from  the  wells.  On  ac- 
count of  the  very  high  boiling-points,  it  is  only  possible  to  dis- 
til invaciw.  Under  15  mm.,  100  grams  of  vaseline  (Ceroleum) 
distilled  in  the  following  proportions  : 

-250°.     25o°-275°.    275°-30o°.    300°- 325°.  325°-350°.  3500-360°.  Residue. 

Grams      14         22  14  18  7  20  6 

The  distillates  were  light-yellow  and,  when  melted,  showed  a 
slight  fluorescence.  Below  250°  the  distillate  was  a  heavy, 
viscous  liquid,  the  others  all  semi-solid  and  the  residue  was 
browu.  To  ascertain  whether  solids  could  be  separated  from 
these  distillates,  the  fraction  250°-275°  was  dissolved  in  ether 
and  sufl&cient  alcohol  added  to  precipitate  the  solid  hydrocar- 
bon. The  solid  was  again  dissolved  in  ether  and  precipi- 
tated by  alcohol.  After  filtration  it  had  no  greasy  feel  and 
melted  at  70°.  From  the  fraction  35o°-36o°,  after  similar 
treatment,  a  solid  was  obtained  which  melted  at  'jy°-'j8°. 
These  substances  resembled  in  all  respects  the  solid  paraffin 
hydrocarbons.  It  is,  therefore,  evident  that  vaseline  is  com- 
posed of  heavy  oils  such  as  have  been  identified  as  forming  the 
portions  of  Pennsylvania  petroleum  with  high  boiling-points, 
and  Coreopolis  heavy  oil,  hydrocarbons  of  the  series  C„H2«, 
CnHjn— 2  and  CnH2„_4,  together  with  solid  paraffin  hydrocar- 
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bons.  The  quantity  of  solid  paraffins  is  sufficient  to  saturate 
the  oil  and,  in  slight  excess,  to  form  an  emulsion  of  the  de- 
sired consistency. 

What  is  known  as  "  scale"  paraffin  in  the  refineries  is  com- 
posed of  solid  hydrocarbons,  with  enough  of  the  heavy  oils  to 
form  a  greasy  solid.  But  the  solid  constituents  are  hydrocar- 
bons of  the  same  series,  CwHan  +  2,  which  cannot  be  changed 
into  other  forms  without  decomposition.  These  hydrocarbons 
are  only  sparingly  soluble  in  the  liquid  hydrocarbons  of  lower 
boiling-points  of  the  same  series,  but  they  dissolve  more  freely 
in  the  series  with  high  boiling-points,  C„H2n  +  2,  CnHjw,  C„H2n-2 
and  C„H2«_4. 

Since  the  work  described  in  these  papers  was  begun  ten 
years  ago,  I  have  received  efficient  aid  from  the  following  as- 
sistants :  in  distillation,  Messrs.  C.  Lindmueller,  D.  H. 
Walker,  C.  R.  Cummins,  and  H.  A.  Triebing  ;  in  distillation 
and  analysis,  Mr.  C.  S.  Richards  ;  analysis  and  molecular 
weight  determinations,  Mr.  O.  J.  Sieplein. 

It  is  my  intention  to  make  later  a  summarization,  in  a  sepa- 
rate communication,  of  the  results  published  from  the  begin- 
ning in  this  series  of  papers  on  petroleum. 
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ON  4-NITRO-5-PYRAZOLONE.' 

By  H.  B.  Hill  and  O.  F.  Black. 

During  an  investigation  of  the  oximes  of  nitromalonic  alde- 
hyde, W.  J.  Hale  and  one  of  us'  made  the  observation  that, 
when  nitromalonic  diacetyldialdoxime, 

CHjCOONCHCHNO^.CHNOCOCHg, 

was  dissolved  in  a  hot  solution  of  sodic  hydrate,  the  sodium 
salt  of  a  new  acid  was  formed,  which  was  shown,  by  the  analy- 
sis of  its  silver  salt,  to  be  an  isomer  of  fulminuric  acid, 
C3H3N3O3.  The  results  of  the  further  study  of  this  substance 
are  contained  in  the  following  paper. 

1  Most  of  the  work  described  in  this  paper  was  done  under  the  direction  of  Profes- 
sor Hill,  but  it  was  finished  and  the  paper  written  after  his  lamented  death,    c.  l.  j. 
*  This  Journal,  ap,  253  (1903). 
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The  substance,  C3H3N3O3,  melted  at  136°-! 37°  and  formed 
well-defined  salts,  of  which  the  sodium  salt,  NaC3HjN303. 
3HjO,  the  silver  salt,  AgCgH^NjOj,  the  barium  salt, 
Ba(C3H2N303),.4H,0  and  the  lead  salt,  Pb(C3HjN,03)j,  were 
analyzed.  By  the  action  of  a  stream  of  air,  loaded  with  bro- 
mine vapor,  on  the  aqueous  solution  of  the  sodium  salt  a  new 
compound,  CgHN^Br,,  was  obtained,  which  was  remarkably 
stable,  as  it  sublimed  unaltered  and  was  not  decomposed  by 
long  boiling  with  sodic  hydrate  in  strong  aqueous  solution  nor 
even  with  an  alcoholic  solution.  These  properties  indicated  a 
ring-shaped  structure  for  the  molecule  and  in  that  case  the 
formula  would  show  that  the  substance  is  tribrompyrazol, 

BrC-=N 

\ 

/NH. 

Br  Br 

Its  observed  properties  agree  with  this  theory  of  its  consti- 
tution, as  it  dissolves  even  in  weak  solutions  of  the  alkalies  and 
is  precipitated  unaltered  by  acids  ;  it  forms  an  unusually  stable 
silver  salt  and  with  sodium  amalgam  it  gives  a  purple  color. 

The  bromine  derivative  being  established  as  a  substituted 
pyrazol,  it  was  probable  that  the  sodium  salt,  NaC3HjN303, 
from  which  it  was  made,  also  had  a  ring  structure  and  would 
probably  be  the  4-nitro-5-pyrazolone,  which  could  be  formed 
from  the  nitromalonic  diacetyldialdoxime  by  the  following  re- 
action : 

H— C=NOCOCH, 

I  -f  2NaOH     = 

Na— C C^NOCOCH, 

I  I 

NO,    H 

H— C==^N. 

I  >NH  +  2NaC,H30,  +  H,0. 

Na— C C/ 

NO,    O 
To  test  this  theory  w^e  tried  the  action  of  phosphoric  oxy- 
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chloride  on  our* sodium  salt,  since  Michaelis  and  Rohmer' 
have  shown  that  this  reagent  converts  many  pyrazolones  into 
the  corresponding  chlorpyrazol  ;  upon  heating  the  substances 
together,  in  a  sealed  tube,  at  ioo°,  we  obtained  4-nitro-5- 
chlorpyrazol,  agreeing,  in  melting-point  and  properties,  with 
that  made  by  Oskar  Meder^  by  the  action  of  nitric  acid  on 
5-chlorpyrazol.  Meder  gives  the  melting-point  i85°-i88°  ; 
we  found  i86°-i87°.  There  can  be  no  doubt,  therefore,  that 
our  salt  is  the  sodic  4-nitro-5-pyrazolone  and  this  theory  is 
confirmed  by  its  properties,  especially  by  the  fact  that  it  turns 
purple  when  treated  with  sodium  amalgam. 

A  secondar}^  product  of  the  preparation  of  the  tribrompyra- 
zol  was  obtained  in  too  small  quantity  for  thorough  study. 
A  single  determination  of  bromine  indicated  that  it  might  be  a 
dibromnitropyrazol. 

EXPERIMENTAL  PART. 

Preparatio7i  of  Sodic  Nitromalonic  Diacetyldialdoxime . — This 
substance^  was  prepared  as  follows  :  Six  grams  of  the  hydro- 
chlorate  of  hydroxylamine,  dissolved  in  20  cc.  of  5N  sodic  hy- 
drate, were  mixed  with  6  grams  of  the  sodium  salt  of  nitroma- 
lonic aldehyde,  dissolved  in  20  cc.  of  water  and  the  mixture  al- 
lowed to  stand  until  crystals  of  the  sodic  dialdoxime  began  to 
appear.  Twenty  cc.  of  5N  sodic  hydrate  were  then  added,  the 
liquid  diluted  with  about  one-half  its  volume  of  water  and  poured 
into  eight  test-tubes,  which  were  kept  cooled  by  immersion  in  ice- 
water.  Small  quantities  of  acetic  anhydride  were  added  to  each 
test-tube  in  turn  and  the  contents  shaken  until  the  mixture  be- 
came nearly  solid  from  the  formation  of  the  light-yellow,  finely- 
crystalline  precipitate  of  the  diacetyl  body,  which  was  then 
washed  with  cold  water,  filtered  on  the  pump  and  dried  on  a 
porous  plate.  The  yield  of  sodic  nitromalonic  diacetyldial- 
doxime averaged  9  grams. 

Sodic  4.- NiirO'3 -pyrazolone,  NaCaH^NgO,. — To  prepare  this 
compound  2.53  grams  of  the  dry  sodic  nitromalonic  diacetyl- 

1  Ber.  d.  chem.  Ges.,  31,  2908  (1898). 

2  Inaug.  Diss.,  Jena,  1901.  We  cannot  find  that  this  work  has  been  published  in 
any  journal. 

8  Hill  and  Hale  :  This  Journal,  29,  264  (1903). 
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dialdoxime  were  added  to  20  cc.  of  sodic  hydrate,  previously 
warmed  in  a  porcelain  dish  on  the  water-bath  ;  these  weights 
give  2  molecules  of  sodic  hydrate  for  each  molecule  of  the  di- 
acetyl  body.  The  bright  red  solution  thus  obtained,  after 
evaporation  to  about  one-half  its  volume  on  the  steam-bath, 
yielded,  on  cooling,  a  mass  of  fine  orange-yellow  needles  of 
the  new  salt.  This,  however,  could  not  be  purified  conve- 
niently for  analysis  by  recrystallization  from  water,  as  it  was 
very  hard  to  remove,  in  this  way,  a  small  impurity  of  sodic 
acetate,  which  has  about  the  same  solubility  in  water  as  the  new 
substance.  The  specimens  for  analysis  were  therefore  prepared 
by  neutralizing,  with  pure  sodic  hydrate,  the  pure  acid  made 
in  the  manner  described  later  in  this  paper  : 

0.3276  gram  salt,  dried  on  filter-paper,  lost  0.0573  gram 
when  exposed  to  the  air. 

Calculated  for 
NaCgHoNgOasHoO.  Found. 

2H2O  17.56  17.50 

0.1972  gram  air-dried  salt  lost  0.0203  gram  at  120°. 

Calculated  for 
NaCgHaNsOsHoO.  Found. 

HjO  10.65  I0-30 

From  these  analyses  it  appears  that  the  salt  contains  3 
molecules  of  water,  two  of  which  are  given  off"  on  exposure  to 
the  air.  The  third  molecule  was  removed  by  heat,  but  not  by 
drying  over  sulphuric  acid. 

I.  o.  1998  gram  salt,  dried  in  vacuo  over  sulphuric  acid,  gave 
0.0844  gram  Na^SO^. 

II.  0.1769  gram  salt,  dried  at  120°,  gave  0.0834  gram 
Na,SO,. 

Na 

It  crystallizes,  by  spontaneous  evaporation  from  water,  in 
dark-red  prisms,  which  eflSoresce  in  the  air,  losing  finally  2 
molecules  of  water.  It  is  soluble  in  water  and  sparingly  solu- 
ble in  alcohol.  When  treated  with  sodium  amalgam,  the  re- 
duced product  turns  purple  on  exposure  to  air. 


Calculated  for 
NaCsHaNsOaH.O.    NaCsHoNsOs. 

Found. 
I.                      II. 

13.61                    15.23 

13.69             15.29 
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^-Nitro-^- pyrazolone. — This  substance  was  made  by  adding 
hydrochloric  acid  to  a  solution  of  the  sodium  salt  in  water 
and  extracting  with  ether.  On  the  addition  of  ligroin  to  the 
ethereal  solution  the  body  was  deposited  in  small,  color- 
less crystals,  which  melt  at  i36°-i37°.  It  is  soluble  in  water, 
alcohol,  or  ether,  less  soluble  in  benzol,  chloroform,  or  ligroin. 
It  was  not  analyzed,  but,  as  the  specimens  of  the  sodium  salt 
which  were  analyzed  were  made  from  it,  there  can  be  no  doubt 
about  its  composition. 

Argentic  ^-Nitro-ypyrazolone,  AgCjHjNjOg. — This  salt  was 
made  by  adding  argentic  nitrate  either  to  the  sodium  salt  or  to 
the  free  pyrazolone.  The  precipitate  from  the  sodium  salt  was 
washed  with  water  and  dried  m  vacuo  for  analysis. 

I.  0.2229  gram  substance  gave  0.1774  gram  AgBr. 

II.  0.2358  gram  substance  gave  37.6  cc.  Nj  at  22°. 3  and 
759.5  mm. 

Pound. 
1.  II. 

45-71  •     • 

.     .  17.84 

The  salt  forms  a  reddish-yellow  powder,  insoluble  in  cold  or 
hot  water. 

Baric  4-Nitro-5-pyra2olone,  Ba(C3H,N303)24H20. — This  was 
made  direct  from  the  sodic  nitromalonic  diacetyldialdoxime  by 
heating  on  the  steam-bath  an  aqueous  solution  of  that  sub- 
stance and  baric  hydrate,  in  the  proportion  of  one  molecule  of 
each.  The  barium  salt  crystallized  from  the  dark-red  solution 
and  was  purified  by  recrystallization  from  hot  water  and  dried 
on  filter-paper  for  analysis. 

1.0767  grams  salt  lost  0.1682  gram  at  120°. 

Calculated  for 
BaCgH4N60e4H20.  Found. 

H,0  15-47  15.63 

0.2365  gram  salt,  dried  at  120°,  gave  0.1402  gram  BaSO^» 

Calculated  for 
BaCsHiNeOe.  Found. 

Ba  34-93  34-89 


Calculated  foi 

AgCaHjNaOs- 

Ag 

45-74 

N 

17.79 
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It  crystallizes  in  dark-red,  efflorescent  needles  and  is  some- 
what less  soluble  in  water  than  the  sodium  salt,  but  otherwise 
resembles  it  closely. 

Plumbic  4-Nitro- ^-pyrazolone ,  PbCCjHjNjOg);,. — This  salt  was 
obtained,  as  a  yellow  precipitate,  by  adding  a  solution  of  plumbic 
acetate  to  one  of  the  sodium  salt.  It  was  washed  with  cold 
water  and  dried  in  vaaco  for  analysis. 

0.2655  gram  salt  gave  0.1741  gram  PbSO^. 

Calculated  for 
PbCeH4N606.  Found. 

Pb  44.71  44.78 

It  forms  a  yellow  powder  only  slightly  soluble  in  hot  water 
and  nearly  insoluble  in  the  cold. 

An  acetylpyrazolone  was  made  by  shaking  a  solution  of  the 
sodium  salt  and  sodic  hydrate  with  acetic  anhydride  when  the 
new  compound  was  deposited  as  a  white  crystalline  precipitate. 
After  crystallization  from  a  mixture  of  chloroform  and  ligroin 
it  formed  small,  colorless  prisms  melting  at  129".  Boiling 
with  sodic  hydrate  converts  it  into  the  sodium  salt  again.  It 
was  not  analyzed. 

4.-Nitro- 5-chlorpyrazol ,  CjHjjNgClOj.  —  This  substance  was 
prepared  from  the  4-nitro-5-pyrazolone  by  heating  it  to  100°, 
in  a  sealed  tube,  with  excess  of  phosphoric  oxychloride.  As 
the  tube  cooled  the  pyrazol  crystallized  out  in  needles,  which 
were  washed  with  cold  water,  recrystallized  once  from  hot 
water  and  dried  in  vacuo  for  analysis. 

0.2017  gram  substance  gave,  by  the  Carius  method,  0.2002 
gram  AgCl. 

Calculated  for 
C3H2N3CIO2.  Found. 

CI  24.07  24.57 

It  forms  fine  white^  needles,  which  melt  at  i86''-i87°.  It  is 
freely  soluble  in  alcohol  or  acetone  ;  slightly  soluble  in  ether 
chloroform  ;  slightly  soluble  in  cold  or  freely  soluble  in  hot 
water.  These  properties  agree  with  those  given  by  Oskar 
Meder  (Inaug.  Diss.,  Jena,  1901)  for  this  substance,  which  he 

'  The  compound,  prepared  as  described,  had  a  yellowish  color,  which  was  re- 
moved by  treatment  with  bone-black. 
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prepared  in  a  different  way.  His  melting-point  was  i85°-i88°. 
Trihrompyrazol,  CsHN^Brg. — When  a  stream  of  air,  loaded 
with  the  vapor  of  bromine,  was  passed  through  a  solution  of 
the  sodic  4-nitro-5-pyrazolone,  a  white  flocculent  precipitate 
was  gradually  formed,  which  consisted  principally  of  tribrom- 
pyrazol,  but,  as  it  also  contained  a  yellow  gummy  impurity, 
it  is  better  to  prepare  the  tribrompyrazol  as  follows  :  The 
sodic  4-nitro-5-pyrazolone,  dissolved  in  a  few  cubic  centimeters 
of  strong  hydrobromic  acid,  was  mixed  with  an  excess  of  bro- 
mine and  heated  in  a  sealed  tube,  to  100°,  for  two  or  three  hours  ; 
in  this  way  a  good  yield  of  fine,  white  needles  was  obtained. 
It  was  purified  by  washing  with  cold  water  and  distillation 
with  steam,  dried  in  -vacuo  and  analyzed  : 

I.  0.2158  gram  substance  gave  0.0920  gram  COj  and  0.0140 
gram  HjO. 

II.  0.2863  gram  substance  gave  o.  1 240  gram  COj  and  0.0140 
gram  H^O. 

III.  0.2351  gram  substance  gave  19.  i  cc.  N^  at  24°  and  762 
mm. 

IV.  o.  1614  gram  substance  gave,   by  the  Carius  method, 
0.2985  gram  AgBr. 

Found. 


Calculated  for 

Fc 

CaHNoBra. 

I 

II. 

c 

11.79 

II 

63 

II. 81 

H 

0.31 

0 

74 

0-54 

N 

9.18 

Br 

78.65 

9-13 


78.69 


Properties  of  Tribrompyrazol . — It  forms  silky,  white  needles, 
which  collect  in  matted  masses  looking  like  cotton.  It  melts  at 
181°,  but  sublimes  at  120°  or  perhaps  at  a  somewhat  higher 
temperature.  It  distils  with  steam  and  is  soluble  in  alcohol  or 
ether  ;  sparingly  soluble  in  hot  water,  essentially  insoluble  in 
cold.  It  dissolves  in  sodic  hydrate  solution  and  is  precipitated 
on  the  addition  of  an  acid.  When  treated  with  sodium  amal- 
gam, the  reduced  product  takes  on  a  characteristic  purple  color 
on  exposure  to  the  air. 

Argeiitic  Tribrompyrazol,  AgCgN^Brj. — This  salt  was  made 
by  adding  argentic  nitrate,  dissolved  in  water,  to  a  solution  of 
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tribrompyrazol  in  dilute  alcohol,  when  a  finely  crystalline  precipi- 
tate was  formed  which  was  washed  with  water  and  dried  at 
100°  for  analj'sis.  The  yield  was  quantitative.  All  our  at- 
tempts to  analyze  it  by  the  method  of  Carius  failed,  because 
we  found  it  impossible  to  decompose  it  completel}^  with  nitric 
acid  ;  we  accordingly  resorted  to  the  electrolysis  of  the  salt 
dissolved  in  potassic  cyanide. 

0.3246  gram  salt  gave  0.0843  gram  Ag. 

Calculated  for 
AgC^NoBrj.  Found. 

Ag  26.21  25.97 

The  salt  forms  a  white  crystalline  powder,  insoluble  in  hot 
water.  It  is  slightly  soluble  in  hot,  strong  nitric  acid,  but 
separates  from  the  solution  almost  completely  on  cooling.  It 
is  a  very  stable  substance,  as  it  is  not  decomposed  completely 
even  when  heated  to  300°,  with  fuming  nitric  acid. 

The  acetyltribrompyrazol  was  made  by  dissolving  tribrom- 
pyrazol in  a  solution  of  sodic  hydrate  and  shaking  the  cooled 
mixture  with  acetic  anhydride.  It  crystallizes  from  hot  alco- 
hol in  white,  felted  needles,  melting  at  i05°-io6°.  Boiling 
with  water  converts  it  again  into  tribrompyrazol.  It  was  not 
analyzed. 

Secondary  Product  For^ned  in  Making  Tribrompyrazol. — 
When  the  tribrompj^razol  was  prepared  by  the  action  of  bro- 
mine vapor  on  sodic  4-nitro-5-pyrazolone,  another  substance 
was  formed  in  small  amount.  This  was  obtained  by  concen- 
trating the  mother-liquors  from  the  tribrompyrazol  to  a  small 
volume.  On  cooling,  the  new  compound  separated  in  white 
crystals,  which,  however,  were  very  impure.  It  was  found 
that  the  best  way  to  purify  it  consisted  in  further  treat- 
ment with  bromine,  which  formed  an  orange  crystalline  addi- 
tion-compound ;  by  boiling  this  with  water,  bromine  was  given 
off  and  the  original  white  body  was  left  in  a  state  of  purity.  It 
was  dried  in  vacuo  for  analysis. 

0.1632  gram  substance  gave,  by  the  Carius  method,  0.2277 
gram  AgBr. 

Calculated  for 
C3HBr2N302.  Found. 

Br  59.03  59.35 
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The  result  of  this  analysis  agrees  very  well  with  the  per- 
centage of  bromine  in  a  dibromnitropyrazol,  but  it  is  obvious 
that  more  analytical  work  is  needed  before  this  formula  can  be 
considered  established.  It  crystallizes  in  white  needles,  melts 
at  1 63°- 1 64°  and  forms  an  acet  compound,  when  treated 
with  acetic  anhydride  and  sodic  hydrate. 

Some  of  the  bromine  addition-product,  made  by  the  action 
of  bromine  on  the  substance  just  described,  was  washed  with 
cold  water,  dried  rapidly  by  pressing  on  filter-paper  and 
analyzed. 

0.1778  gram  substance  gave,  by  the  Carius  method,  0.2839 
gram  AgBr. 

Found. 

Br  67.93 

This  result  agrees  excellently  with  that  calculated  for  the 
addition  of  i  molecule  of  bromine  to  2  molecules  of  the  dibrom- 
nitropyrazol ;  CgH^BrgNgO^  contains  68.37  P^r  cent  of  bro- 
mine. The  analysis,  however,  is  not  entitled  to  much  consid- 
eration, unless  confirmed  by  additional  work,  as  the  substance 
loses  bromine  when  exposed  to  the  air  and  also  by  boiling 
with  water,  so  that,  even  during  the  washing  with  cold  water, 
some  bromine  might  have  been  lost  and  there  was  certainly 
danger  of  such  a  loss  during  the  drying  and  weighing.  The  ad- 
dition-compound forms  hard,  orange  crystals,  insoluble  in  cold 
water, but  decomposed  by  boiling  with  water  with  evolution  of 
bromine  and  the  formation  of  the  white  sub.stance  melting  at 
163°- 164°.  We  regret  that  we  were  unable  to  complete  the 
investigation  of  these  substances. 

Cambridge,  November  26,  1904. 
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PURE  NITROGEN  FROM  NITROUS  AND  NITRIC  OX- 
IDES AND  AMMONIA. 

By  Gregory  Paul  Baxter  and  Charles  Hendee  Hickey. 

The  preparation  of  nitrogen  from  ammonium  nitrite  necessi- 
tates subsequent  purification  from  oxygen  and  oxygen  com- 
pounds, by  passing  it  over  hot  copper  and  offers  many  prac- 
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tical  difficulties  in  the  production  of  a  regular  and  continuous 
current  of  gas.  Nitrogen  made  from  the  air,  by  removing  the 
oxygen  with  hot  copper,  with  or  without  the  addition  of  am- 
monia, contains  about  i  per  cent  of  argon,  besides,  of  course, 
traces  of  the  other  inert  gases.  Hence  a  method  of  preparing 
nitrogen,  at  will,  in  large  quantities,  free  from  other  gases,  is 
likely  to  be  of  practical  use.  Such  a  method  is  described  be- 
low. 

Both  nitrous  and  nitric  oxides,  when  mixed  with  ammonia 
and  ignited,  combine  with  the  latter  gas  to  form  nitrogen  and 
water.  In  the  case  of  nitrous  oxide  this  combination  takes 
place  with  almost  the  violence  of  an  oxy hydrogen  explosion.^ 
In  the  case  of  nitric  oxide,  on  the  other  hand,  combination  is 
complete  only  when  the  mixture  is  heated  to  a  high  tempera- 
ture in  the  presence  of  a  catalytic  agent.  Although,  according 
to  the  equations 

3N,0  +  2NH3     =     4N,  +  3H,0, 
6NO  +  4NH3     =     5N, +  6HA 

the  volume  of  nitrogen  which  may  be  obtained  from  a  given 
volume  of  nitrous  oxide  is  almost  double  that  which  can  be 
obtained  from  the  same  volume  of  nitric  oxide,  the  ease  with 
which  nitric  oxide  may  be  prepared  more  than  counterbalances 
the  comparatively  small  yield  of  nitrogen.  Hence  the  reaction 
with  nitric  oxide  was  investigated  first. 

The  apparatus  used  in  the  experiments  was  as  follows  :  A 
regular  stream  of  nitric  oxide  was  generated  by  dropping  nitric 
acid,  specific  gravity  about  1.2,  upon  copper  turnings.  This 
gas  was  conducted  through  a  gas  washing-bottle,  containing 
strong  ammonia,  into  a  hard  glass  tube  which  contained  two 
four-inch  rolls  of  copper  gauze,  to  act  as  the  catalyzer.  The 
tube  was  heated  by  a  combustion  furnace.  The  copper  rolls 
remained  perfectly  bright  during  the  experiment,  indicating 
that  ammonia  was  in  excess  and  the  gas  which  resulted,  when 
collected  over  water,  so  that  the  excess  of  ammonia  was  ab- 

1  Dammer  states  that  mixtures  of  ammonia  and  nitrous  oxide  explode  when 
either  ignited  or  sparked  and  that  mixtures  of  ammonia  and  nitric  oxide  explode 
only  when  sparked,  while  at  lower  temperatures  nitrogen,  nitrogen  oxides  and  water 
are  produced.    Handb.  d.  anorg.  Chem.,  II.,  i,  34,  38. 
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sorbed,  gave  no  evidence  of  nitric  oxide  by  its  odor.  In  order, 
however,  to  make  certain  of  the  purity  of  the  nitrogen,  the  gas 
was  subjected  to  the  following  test  :  It  was  first  conducted 
through  a  solution  of  dilute  sulphuric  acid  to  remove  the 
greater  part  of  the  ammonia  ;  then  through  one  Emmerling 
tower,  containing  fused  stick  potassium  hydroxide,  and  two 
towers  with  glass  pearls  moistened  with  concentrated  (freshly 
boiled)  sulphuric  acid,  to  remove  moisture  and  the  last  traces 
of  ammonia  ;  after  the  gas  had  removed  every  trace  of  air,  a 
small  hard-glass  tube,  containing  a  roll  of  bright  copper  gauze, 
was  connected  with  the  last  sulphuric  acid  column.  The  air  in 
this  tube  was  swept  out  and  the  copper  heated  with  a  full  Bun- 
sen  flame.  As  no  visible  change  in  the  appearance  of  the  cop- 
per gauze  had  taken  place  at  the  end  of  one  hour,  it  was  evi- 
dent that  no  nitric  oxide  remained  in  the  nitrogen. 

The  well-known  catalytic  power  of  finely  divided  platinum 
led  to  a  repetition  of  the  above  experiment,  with  platinized  as- 
bestos instead  of  copper.  In  one  case,  where  poorly  platinized 
asbestos  was  employed,  some  nitric  oxide  remained  unattacked. 
A  second  attempt,  with  2  inches  of  thoroughly  platinized  asbes- 
tos, resulted  as  successfully  as  in  the  case  of  copper. 

Experiments  were  then  carried  out  to  determine  the  mini 
mum  concentration  of  ammonia  solution  in  which  the  tension 
of  ammonia  was  sufficiently  large  to  yield,  to  the  nitric  oxide, 
an  excess  of  ammonia  over  that  necessary  for  the  reaction.  It 
was  found  that  the  nitric  oxide  was  not  completely  acted  upon 
if  the  specific  gravity  of  the  ammonia  was  above  0.925.  Of 
course  the  minimum  concentration  of  ammonia  varies  some- 
what with  temperature,  with  the  rate  at  which  the  nitric  oxide 
passes  through  the  solution  and  with  the  form  of  the  bottle 
containing  it. 

The  use  of  copper,  in  the  preparation  of  nitric  oxide,  makes 
the  method  somewhat  expensive.  Iron  turnings  mixed 
with  a  few  small  pieces  of  platinum  were  found  to  serve  equally 
well.  Small  quantities  of  nitrous  oxide  or  nitric  peroxide, 
as  impurity  in  the  nitric  oxide,  could  do  no  harm. 

The  following  precautions  are  the  most  important  in  the  suc- 
cessful production  of  pure  nitrogen  by  this  method. 
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1 .  The  temperature  of  the  catalytic  agent  must  not  be  too 
low.  Experiments  where  kerosene  stoves  were  employed  with 
the  copper  rolls  showed  only  partial  combination  of  the  gases. 

2.  The  ammonia  should  not  be  allowed  to  fall  below  the 
concentration  corresponding  to  the  sp.  gr.  0.92. 

3.  If  absolutely  pure  nitrogen  is  desired  the  materials  must 
be  purified.  The  metal  used  for  the  production  of  nitric  oxide 
must  be  free  from  grease,  the  ammonia  must  be  separated  from 
amines  and  the  purifying  solutions  must  be  boiled  to  expel  air. 
The  apparatus  must  be  constructed  entirely  of  glass,  to  avoid  the 
introduction  of  sulphur  and  organic  matter  from  the  rubber. 

Finally,  a  method  was  sought  by  which  the  explosion  of  the 
mixture  of  nitrous  oxide  and  ammonia  could  be  avoided. 
Nitrous  oxide,  when  heated  to  a  high  temperature,  decomposes 
into  nitrogen  and  oxygen,^  which  do  not  explode  when  ignited 
with  ammonia.  The  following  apparatus  was  used  for  effecting 
this  decomposition  and  for  removing  the  oxygen  by  means  of 
ammonia  : 

Nitrous  oxide,  produced  by  heating  amraonic  nitrate,  was 
conducted  through  a  short,  hard  glass  tube  in  which  a  2-inch 
section  of  platinrized  asbestos  was  heated  to  dull  redness.  The 
gases  then  passed  through  a  wash-bottle  containing  concentra- 
ted ammonia  solution.  As  the  mixture  showed  no  tendency  to 
explode  when  ignited,  it  was  considered  safe  to  effect  the  reac- 
tion by  conducting  it  through  a  second  hard-glass  tube,  also 
containing  a  section  of  heated  platinized  asbestos.  Complete 
combustion  of  the  oxygen  took  place,  for,  when  the  resulting 
gas  was  freed  from  ammonia  and  water,  as  described  above,  a 
bright  copper  roll  heated  in  it  for  some  time  remained  un- 
changed. 

The  precautions  to  be  observed  in  the  use  of  the  nitrous 
oxide  are  essentiallj'  the  same  as  those  mentioned  in  the  case 
of  nitric  oxide.  The  platinized  asbestos  should  be  heated  to 
as  high  a  temperature  as  the  hard-glass  tubes  will  allow. 
' '  Blowing  out' '  of  the  tubes  may  be  prevented  by  wrapping 
the  heated  section  in  asbestos  paper,  to  distribute  the  heat. 
The  ammonia  must  not  be  too  dilute,  but  more  dilute  ammo- 

1  Damnier  :  Handb.  d.  anorg.  Chem.,  II.,  i,  34. 
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nia  may  be  employed  here  than  in  the  case  of  nitric  oxide,  on 
account  of  the  increase  in  volume  when  nitrous  oxide  is  de- 
composed into  nitrogen  and  oxygen. 

Cambridge,  Mass., 
Dec.  3,  1904. 


REPORT. 
TAg  Grignard  Reaction. 


Since  the  discovery  of  the  compounds  of  zinc  with  organic 
radicals  by  Frankland\  these  substances  have  been  of  great  as- 
sistance in  organic  synthesis,  the  similar  sodium  and  mercury 
derivatives  being  of  secondary  importance.  This  is  not  the 
place  to  give  an  account  of  the  difficulties  met  with  in  prepar- 
ing and  using  these  compounds,  but  so  many  investigators 
have  entered  the  field  opened  by  Grignard,  that  it  is  evident 
there  was  room  for  improvement  in  the  old  method. 

Barbier^  allowed  methylheptenone, 

CH3 

I 
CH3— C=CH— CH,— CH,— CO— CH3, 

to  act  on  methyl  iodide,  in  the  presence  of  magnesium  and  ob- 
tained the  tertiary  alcohol,  dimethyl-2,6-heptene-2-ol-6.  This 
was  surprising,  for  the  zinc  alkyls  do  not  yield  tertiary  alcohols 
when  they  react  with  ketones  and  the  method  of  Saytzeff, 
which  was  employed,  is  not  applicable  to  ketones  with  the 
grouping  — CO — CH3. 

Grignard^  undertook  a  general  study  of  this  and  similar  re- 
actions. He  soon  found  that  magnesium  is  much  more  reac- 
tive than  zinc  and  can  be  employed  in  many  cases  where  the 
latter  metal  is  useless.  At  first  an  attempt  was  made  to  iso- 
late the  organo-raagnesium  compounds,  but  this  was  soon 
abandoned.  The  work  of  Lohr,*  Fleck^  and  of  Waga^  showed 
that  they  are  solids  which  are  extremely  unstable  and  act  on 
alcohol  and  water  with  violence.  They  take  fire  in  the  air,  or 
even  in  dry  carbon  dioxide  and  the  only  neutral  solvent  that 
can  be  used  is  a  mixture  of  benzene  and  ether.  The  solution 
does  not  lend  itself  readily  to  reactions,  besides  which,  the  com- 

•  Ann.  Chem.  (I<iebig),  85,  329  (1853).    Phil.  Trans.,  14a,  417  (1853). 

*  Compt.  rend.,  133,  no. 

«  Ann.  Chim.  Phys.,  [7],  24,  433  (1901). 
<  Ann.  Chem.  (Liebig),  a6i,  72. 

*  Ibid.,  276,  129. 

•  Ibid..  a82,  320. 
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pounds  could  not  be  made  conveniently,  except  by  heating  the 
alkyl  iodides,  in  sealed  tubes,  with  magnesium  amalgam. 

Frankland^  and  Wanklyn^  had  obtained  substances  such  as 
Zn(C^5)2. 0(0,115)2,  etc.,  by  heating  zinc,  an  alkyl  iodide  and 
anhydrous  ether,  in  sealed  tubes.  These  compounds  acted 
like  the  corresponding  zinc  alkyls.  The  reaction  was,  however, 
very  incomplete  and  the  reaction-product  had  to  be  distilled,  as 
in  the  ordinary  procedure,  to  effect  a  separation  from  the  large 
solid  mass  that  was  formed. 

With  magnesium,  which  is  much  more  strongly  electroposi- 
tive than  zinc,  we  should  expect  the  reaction  to  be  more  nearly 
complete  and  this  was  found  to  be  the  case.  At  the  ordinary 
temperature,  magnesium  attacks  methjd  iodide,  the  reaction  is 
complete  and  the  product  is  soluble  in  ether.  The  method  of 
work  is  comparatively  simple.  A  mixture  of  the  organic 
halide  and  anhydrous  ether  is  allowed  to  drop  slowh^  upon  the 
calculated  amount  (i  molecule)  of  magnesium  turnings,  con- 
tained in  a  flask,  provided  with  a  return-condenser.  Action 
begins  at  once  and  it  is  necessary  to  moderate  it  by  cooling  the 
flask.  When  all  the  magnesium  has  been  dissolved,  it  is  found 
that  almost  exactlj"  i  molecule  of  the  halide  has  been  used  for 
each  molecule  of  the  metal.  After  warming  a  short  time  on 
the  water-bath,  the  reaction-product  is  a  nearly  colorless  liquid, 
containing  a  little  dark  powder,  originating  from  traces  of 
iron.  Grignard  found  that  the  reaction  took  place  with  methyl, 
isopropyl,  tertiar}'  butyl  and  secondary  hexyl  iodides,  with 
ethyl,  propyl,  isobutyl,  isoamyl  and  benzyl  bromides,  as  well 
as  with  brombenzene  and  bromnaphthalene.  The  ethereal 
solution  thus  obtained  reacts  violently  with  water,  forming 
magnesium  hydroxide  and  it  is  changed  by  moist  air.  Car- 
bon dioxide  acts  upon  it,  giving  a  crystalline  deposit.  It  acts 
energetically  upon  aldehydes,  ketones  and  with  the  chlorides 
and  anhydrides  of  acids.  As  the  vapor  of  ether  fills  the  appa- 
ratus, it  is  not  necessary  to  work  in  an  atmosphere  of  an  inert 
gas.     This  is  a  great  advantage  over  the  zinc  compounds. 

There  are  two  possible  reactions  between  the  organic  halide 
and  magnesium  : 

(I)  CH3l  +  Mg     =     CH,MgI, 
and  (2)  2CH3I  +  2Mg    =     (CH3),Mg.MgT2. 

If  the  reaction  is  according  to  (2)  the  product  cannot  be 
(CH3)2Mg  -f-  Mgl^,  for  it  has  been  shown  that  magnesium 
methyl  is  practically  insoluble  in  ether^  and  magnesium  iodide 

1  Phil.  Trans.,  149,  412  (1859 "1. 

«  J.  Chem.  Soc.  (London),  13,  125  (1861). 

'  lyOhr  :  Ann.  Chem.  (Liebig),  261,  72.    Fleck  :  Ibid.,  276,  129. 
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is  also.  Whether  (i)  or  (2)  is  correct,  we  should  obtain,  in 
each  case,  i  molecule  of  a  saturated  hydrocarbon  for  each 
molecule  of  halide,  when  water  is  allowed  to  act  upon  the 
product,  thus  : 

(i)  2CH3MgI  +  2H,0  =   2CH,  +  Mgl,  +  Mg(OH)„ 

or 

(2)   (CH3),Mg.MgI,  +  2H,0  =    2CH,  +  Mgl,  +  Mg(OH),. 

Experiment  showed  that  methane  was  obtained  in  almost 
the  theoretical  amount. 

When  the  ether  was  driven  off  by  heating  on  the  water-bath, 
an  extremely  viscous,  dark  gray  mass  remained.  It  contained 
some  ether  and  its  appearance  was  not  changed  even  after  heating 
for  two  days  at  50°  (10-12  mm.).  It  was  then  heated  at  80° 
for  three  daj's,  with  frequent  shaking,  to  renew  the  surface. 
Under  these  conditions  the  thinner  parts,  on  the  walls  of  the 
flask,  became  dr}-  and  had  a  light-brown  tint,  but  the  main 
portion  consisted  of  a  gum  that  could  not  be  removed  without 
breaking  the  flask.  The  dried  substance  changed  rapidlj'  in 
the  air,  becoming  warm  and  reacted  verj^  violently  with  water. 
The  methyl  iodide  compound  was  found  to  have  the  composi- 
tion CH.,MgI  +  f(C2H5)20,  and  the  ethyl  bromide  derivative 
was  C.H^MgBr  +  28  grams  (CjHJjO.  To  remove  the  last 
traces  of  ether  it  was  necessary  to  heat  at  150",  in  a  vacuum, 
for  several  daj^s.  In  this  state  the  compounds  were  insoluble 
in  anhydrous  ether  and  seemed  to  be  identical  wnth  those  de- 
scribed by  Lohr.^ 

The  tenacit}'^  with  which  they  retain  ether  seems  to  show 
that  it  is  held  in  much  the  same  way  as  water  of  crystalliza- 
tion.    Frankland'"'  obtained  the  analogous  derivatives, 

Zn(CH3),.(C,H,),0     and     Zn(CH3),.(CH3),0. 

The  formation  of  these  compounds  is  not  unimportant,  for,  in 
the  presence  of  benzene,  ligroin,  or  other  neutral  solvent,  the 
halogen  compounds  do  not  attack  magnesium.  On  the  other 
hand,  the  reaction  goes  ver)'  well  in  the  presence  of  the  differ- 
ent oxygen  ethers,  such  as  anisol  and  methyl  isoamyl  ether. 
Besides,  the  molecule  of  ether  of  crystallization  makes  the 
compounds  soluble.  It  does  not,  however,  enter  into  the  re- 
action when  the  compounds  are  treated  with  ketones,  etc. 
According  to  Schmidt^  these  substances  are  derivatives  of 

1  Loc.  cit. 

*  Phil.  Trans.,  149,  412  (1859). 

3  "Die  basische  Eigenschaften  des  Sauerstoflfs  und  Kohlenstoffs,"  p.  17. 
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tetravalent  oxygen,  or,  in  other  words,  they  are  oxonium  com- 
pounds.    For  example  : 

c,h/  \i 

In  a  recent  paper\  Tschelinzeff  gives  his  reasons  for  think- 
ing that  the  ether  simply  plays  the  part  of  a  catalytic  agent. 
He  found  that  the  reaction  takes  place  in  the  presence  of  very 
small  quantities  of  ether,  or  anisol  and,  in  some  cases,  even 
that  may  be  dispensed  with  when  bromides  or  iodides  are  used. 
Further,  by  working  at  a  comparatively  high  temperature,  a 
few  halides  yield  the  corresponding  organo- magnesium  com- 
pounds when  neither  ether  nor  benzene  is  present.  Hence  the 
reaction  is  typically  catalytic,  the  ether  simply  favoring  the 
dissociation  of  the  halide  and  thus  enabling  the  reaction  to 
proceed  more  easily  and  at  a  lower  temperature.  He  expresses 
it  thus : 

R'.         .R 

(i)  Rx  -f  R',0   =       yo< 


R'/    ^X 


and 


R'  R 

(2)       \o<f      +  Mg     =     R.MgX  +  R'.O. 
R'/      \X 

In  an  earlier  paper^  he  showed  that  dimethylaniline  or  some 
other  tertiary  aminecould  be  used  in  place  of  the  ether  and  in  this 
was  confirmed  by  F.  and  L,.  Sachs,  ^  who  used  quinoline.  Tschelin- 

.R  ,R 

zeff  found  that  R'jN^      is  formed,  analogous  to  W^0<^         and 

\X  ^X 

the  reaction  goes  so  smoothly  that  he  recommends  the  use  of 
dimethylaniline,  or  other  tertiary  amine,  in  place  of  ether. 
The  mixture  is  warmed  until  the  reaction  begins,  or  the  liquid 
boils.  At  times  a  small  crystal  of  iodine  is  used  to  start  the 
action. 

Grignard  found  that  the  compounds  decompose  with  vio- 
lence when  heated  to  250"  or  higher  : 

2C,H,MgBr     =     C,He  +  C,H,  +  MgBr,  +  Mg. 

1  Ber.  d.  chem.  Ges.,  37,  4534  (1904). 

2  Ibid.,  37,  2081  (1904). 

3  Ibid.,  37,  3089  (1904). 
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The  reaction  does  not  proceed  as  smoothly  as  the  equation  in- 
dicates ;  the  magnesium  set  free  is  at  once  oxidized  by  the 
traces  of  air  in  the  flask. 

Because  the  organo-magnesium  halides  are  soluble  in  ether, 
react  with  water  and  acids  without  incandescence  and  do  not 
take  fire  in  the  air,  it  is  certain  that  they  do  not  contain  the 
grouping  MgCCH,)^  or  MgCCjHJj.  If,  to  the  product  from  one 
molecule  each  of  magnesium  and  halide,  we  add  one  molecule 
of  an  aldehyde,  there  is  obtained  0.6-0.8  molecule  of  a  second- 
ary alcohol.     The  reactions  may  take  place  as  follows  : 

^OMgCH, 

(CH3),Mg  +  RCHO     =     RC— H 


lA 


and 

^0MgCH3 
RC— H  +  2H,0     = 

^CH, 


or 


II. 


CH.Mgl  +  RCHO     =     RC— H 


.OH 
RC— H      +  Mg(OH),  +  CH„ 
^CH, 


^OMgl 


CH3 


and 

^OMgl 
2RC— H         +  2H,0 

^CH, 


.OH 

2RC-H     +  Mgl,  +  Mg(OH),. 

^CH3 

According  to  (I)  there  should  be  an  evolution  of  gas  when 
water  is  added.  "  In  the  second  case  the  compound  that  is 
formed  contains  all  the  halogen  that  was  introduced  ;  in  the 
first  case,  on  the  contrary,  it  does  not  contain  a  trace,  for  it 
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seems  very  probable  that,  if  the  grouping  Mgl^  existed  in  the 
organo-magnesium  compound  it  would  be  precipitated  on  com- 
bining with  the  aldehyde  or  ketone"  (Grignard).  Further, 
each  molecule  of  halide  should  yield  0.5  molecule  of  alcohol, 
according  to  (I).  As  a  matter  of  fact,  no  gas  is  ever  evolved 
on  adding  water,  the  compounds  are  soluble  in  ether,  or  homo- 
geneously crystalline  (apparently  without  separation  of  mag- 
nesium iodide)  and  the  yield  is  from  0.6-0.8  molecule  of  alco- 
hol. Hence  it  seems  most  probable  that  the  actual  course  of 
the  reaction  is  as  represented  by  (II.). 

A  secondary  reaction  takes  place  when  magnesium  is  acted 
upon  by  the  halogen  derivative  of  a  hydrocarbon.  To  a  cer- 
tain extent  the  metal  acts  like  sodium  in  Wurtz's  re- 
action, causing  the  formation  of  higher  hydrocarbons,  the 
amount  of  which  depends  on  the  number  of  carbon  atoms  in 
the  halide.  With  isobutyl  bromide  the  quantity  of  diisobutyl 
is  usually  too  small  to  be  purified  ;  with  isoamyl  bromide  the 
yield  of  diisoamyl  is  10-15  P^r  cent ;  with  benzyl  bromide  the 
amount  of  hydrocarbon  is  30-35  per  cent,  while  with  hexyl 
iodide  there  is  formed  about  50  per  cent  of  dihexyl.  Compar- 
ing the  two  reactions, 

I.  RBr  +  Mg     =     RMgBr, 

and  II.  2RBr  +  Mg     =     MgBr,  +  R— R, 

we  see  that,  according  to  I,  each  molecule  of  halide  requires 
one  atom  of  magnesium,  while  if  the  reaction  takes  place  as 
shown  by  II,  only  0.5  atom  of  magnesium  is  needed  for  each 
molecule  of  halide.  Grignard  tried  to  suppress  the  secondary 
reaction  as  much  as  possible  by  using  finer  magnesium  turn- 
ings, but  no  great  difference  was  noticed  in  the  results.  It  is 
useless  to  try  to  increase  the  exposed  surface  of  metal  by  using 
magnesium  powder,  for  it  is  always  too  much  oxidized.  Sec- 
ondary halides  showed  a  greater  tendency  to  yield  higher  hy- 
drocarbons than  the  corresponding  primary  ones  and  this  was 
still  more  pronounced  in  the  case  of  the  tertiary  halides.  Ter- 
tiary butyl  iodide  gave  a  large  amount  of  hydrocarbon,  while 
nearly  half  of  the  magnesium  was  unchanged.  Other  methods 
for  the  preparation  of  hydrocarbons  will  be  given  later. 

lyOhr,'  Fleck^  and  Waga'  stated  that  the  symmetrical  organo- 
magnesium  compounds  take  fire  in  carbon  dioxide.  Grignard 
found  that  the  gas  also  acts  on  the  symmetrical  compounds,  but 
not  violently,  so  that  the  reaction  could  be  studied.  If  a  cur- 
rent of  the  gas  is  passed  into  an  ethereal  solution  of  magne- 

1  Ann.  Chem.  (Liebig),  361,  72. 
*  Ibid.,  276,  129. 
8  Ibid.,  aSa,  320. 
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siura  methyl  iodide,  a  crystalline  deposit  is  at  once  formed. 
The  reaction-mixture  is  poured  upon  crushed  ice,  acidified 
with  dilute  sulphuric  acid  and  extracted  with  ether.  The 
product  is  acetic  acid.  Isovaleric  acid  was  made  from  iso- 
butyl  bromide.     The  following  equations  express  the  changes  : 


OMgBr 


RMgBr  +  CO2     =     R— c/ 

and 

/OMgBr 
2R— C<  +  xUfi    =    (RCO,),Mg  +  MgBr,  +  xK.O. 

^O 

Similar  reactions  take  place  with  orgauo-sodium  compounds, 
but  they  are  of  greater  theoretical  interest  than  practical  im- 
portance.^ 

Numerous  other  chemists  have  used  this  reaction  since  it 
was  first  applied  by  Grignard.  Zelinsky^  found  that  hydroaro- 
matic  and  cyclic  hydrocarbons  yield  acids  according  to  the  re- 
actions given  above.  He  recommends,  as  an  interesting  lec- 
ture experiment,'  the  preparation  of  benzoic  acid  from  phenyl 
iodide.  Schroeter^  found  that,  when  phenyl  bromide  is  used, 
the  chief  products  are  triphenylcarbinol,  benzophenone,  a  lit- 
tle benzoic  acid  and  a  new  compound  which  he  did  not  iden- 
tify. Houben  and  KesselkauP  and  Bodroux  also  prepared 
acids  by  means  of  the  reaction.  The  last  author  started  with 
dihalogen  derivatives  of  the  aromatic  hydrocarbons  and  found 
that  only  one  of  the  halogen  atoms  reacts."" '  From  the  mono- 
bromine  derivatives  of  anisol  and  /?-methoxynaphthalene  he 
obtained  the  acids  in  which  bromine  is  replaced  by  carboxyl.' 
Houben  and  Kesselkaul  found  that  carbon  disulphide  can  be 
used  in  place  of  carbon  dioxide.**  Among  other  acids  they 
prepared  phenyldithioacetic  acid,  CgHjCH^CSjH. 

With  carbonyl  chloride"  tertiary  alcohols  are  obtained,  ac- 
cording to  the  equations  : 

1  Wanklyn  :  Ann.  Chem.  (Liebig),  107,  125  ;  iii,  234.  Kekule  :  Ibid.,  137,  180.  R. 
Meyer  u.  Muller  :  Ber.  d.  chem.  Ges.,  15,  496,  698,  1905.  Wanklyn  and  Schenk:  Ann. 
Chem.  (I,iebig),  Suppl.,  6,  120. 

2  Ber.  d.  chem.  Ges.,  35,  2687. 

3  Ibid.,  35,  2692. 

*  Ibid.,  36,  3005. 
s  Ibid.,  35,  2519. 

*  BuH.  Soc.  Chim.,  [3],  31,  24  (1904). 
'  Ibid.,  [3],  31,  30  (1904). 

8  Ber.  d.  chem.  Ges.,  35,  3695. 

*  Sachs  u.  I<oevy  :  Ber.  d.  chem.  Ges.,  36,  1588  (1903).  Grignard:  Compt.  rend., 
136,  815  (,1903). 
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;Vv  R\      /OMgX 

COCl,  +  3RMgX     =         >C<  +  2MgX.Cl, 

R/      \r 


and 

^>C/  +H,0     -     R3C(0H)  +  Mg(OH)X. 


Rv       /OMgX 


R/       \R 

Other  reactions  may  also  take  place  simultaneously,  giving 
rise  to  ketones  and  secondary  alcohols,  as  well  as  to  unsatura- 
ted alcohols  formed  from  them  by  loss  of  water.' 

Thiophosgene,  CSClj,  also  reacts  readily  with  organo-mag- 
nesium  halides.^ 

As  in  his  principal  article''  Grignard  gives  a  general  review  of 
the  subject  up  to  that  time,  it  will  be  followed  closely  in  the 
remainder  of  this  report,  for  much  of  the  later  work  is  but  a 
development  along  lines  laid  down  by  him,  or  describes  syn- 
theses which  he  failed  to  carry  out. 

Before  going  further  it  may  be  well  to  give,  in  detail,  the 
general  method  of  work  as  described  by  Grignard.  After  the 
solution  of  the  organo-magnesium  compound  has  been  prepared 
as  stated  (p.  305)  the  balloon  flask  containing  it  is  cooled  with 
water  and  the  required  amount  of  aldehyde,  ketone,  etc.,  dis- 
solved in  anhydrous  ether,  is  allowed  to  drop  into  it  slowly. 
A  return-condenser  is  attached  to  the  flask,  for  the  reaction  is 
quite  energetic  at  first,  each  drop  producing  a  hissing  noise. 
The  solid  that  separates  sometimes  dissolves,  but  may  remain  as 
a  crystalline  or  viscous  layer  at  the  bottom.  When  all  of  the 
reagent  has  been  added  the  contents  of  the  flask  are  kept  boil- 
ing gently  on  the  water-bath,  or,  if  too  viscous,  allowed  to 
stand  several  hours  at  the  ordinary  temperature.  The  mixture 
is  then  slowly  poured  upon  crushed  ice  and  the  magnesium 
hydroxide  dissolved  by  adding  small  portions  of  hydrochloric 
or  acetic  acid.  Theoretically,  it  is  necessary  to  add  only  i 
molecule  of  acid,  but  a  little  more  is  always  needed  to  make 
the  liquid  slightly  acid.  The  ethereal  layer  is  then  decanted  ; 
if  the  product  which  is  formed,  for  instance  an  alcohol,  is  sol- 
uble in  water,  the  aqueous  layer  is  distilled  with  steam  and  the 
alcohol  separated  from  the  distillate  by  means  of  potassium 
carbonate.  The  ethereal  layer  is  washed  with  dilute  .sodium 
bicarbonate,  to  avoid  the  precipitation  of  magnesium,  then 
with  sodium  acid  sulphite  to  remove  any  aldehyde  or  ketone 

1  Grignard  :  Loc.  cit. 

-  Sachs  u.  Loevy  :  £^c.  cit. 

3  Ann.  China.  Phys.,  [7],  24,  433  (1901). 
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that  ma)-  remain.  The  ether  is  then  driven  off,  with  suitable 
precautions  and  the  residue  is  distilled  or  otherwise  purified, 
according  to  its  nature.  Small  amounts  of  polymerization- 
products  are  usually  formed. 

When   treated   with   water,    the    organo-magnesium  halides 
yield  saturated  hj^lrocarbons  according  to  the  equation  : 

RMgX  +  ¥L,0     ^     RH  H-  Mg(OH)X.' 

This  reaction  has  been  suggested  as  a  means  of  detecting  the 
hydroxy  1  group.  ■* 

Another  way  to  make  saturated  hydrocarbons  is  by  the  re- 
action : 

(CH3),S0,  +  RMgBr     =     RCH,  -f  CH3S0,.MgBr.=' 

Aldehydes  and  ketones  yield  secondary  and  tertiary  alco- 
hols, respectively,*  as  shown  by  the  equations  : 

R— C/       +  R'MgBr     = 


'% 


/                   +H,0  / 

R— C— OMgBr —^     R— C— OH;' 


>C0  +  R'MgBr     = 
R"/ 

/R"  /R" 

/                    +H,0  / 

R—C— OMgBr —^     R— C— OH. 

\r'  "^R' 

By  analogous  reactions  phenols  can  be  made."  Thiophenols 
and  selenophenols  are  prepared  by  the  action  of  sulphur  and 
selenium,'  respectively,  on  organo-niagnesium  compounds. 
The  corresponding  disulphides  and  diselenides  are  formed  at 
the  same  time.     These  reactions  led  to  a  study  of  the  action  of 

'  Grignard  :  Loc.  cil. 

2  Tschugaeff :  Ber.  d.  cliem   Ges.,  35,  3912. 

3  Werner  u.  Zilkeiis  :  Ibid.^  36,  21 16.  Houben  :  Ibid.,  36,  3083;  37,  488.  Werner  : 
Ibid.,  36,  3618. 

<  Grignard  :  Compt.  rend.,  130,  1322.     For  other  references  see  the  bibliography. 
s  Compare  the  reaction  : 

^H                                          X^                 I-H2O  y  " 

R— C;       +  Zn(R')«      =      R— C— OZnR' >       R— C— OH. 

O  \r,  \j,, 

«  Bodroux :  Compt.  rend.,  136,  158. 

'  Taboury  ;  Bull.  Soc.  Chim.,  [3],  ap,  761  ;  31,  581,  646,  1183. 
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oxygen  on  the  organo-magnesium  halides'  and  it  was  found 
that  primary  alcohols  and  phenols  could  be  made  in  this  way. 
Theoretically,  the  simplest  method  for  the  preparation  of  pri- 
mary alcohols  is  by  means  of  formic  aldehyde  and  this  has  been 
accomplished  by  the  action  of  its  polymer,  trioxymethylene, 
on  the  magnesium  compound.^ 

It  is  interesting  to  compare  the  reactions  with  the  different 
classes  of  oxygen  compounds.  The  aldehydes  have  already 
been  mentioned.     The  ketones  react  in  much  the  same  way:'^ 

R\  R\      /OMgBr     ,  jjQ     R.       /OH 

>C0  +  R^MgBr  —        \C<  -L^^^       >C< 

R'/  R'/       \R,  R'/       \Ri 

Diketones*  yield  the  corresponding  pinacones. 

The  cyclic  ketones^  react  normally,  as,  in  general,  do  other 
derivatives  of  the  group. 

The  esters  of  mono-  and  dibasic  aliphatic  and  aromatic  acids 
react  as  shown  by  the  equations  :® 

O  ^OMgBr 


(i)  R— Cr^  +  R'MgBr     =     R— C— OC,H 


"\ 


OC,H,  \ 


5  ' 


R' 


yOMgBr 
(2)  R— C— OCjHg  +  R'MgBr 

\r' 


yOMgBr 


R— C— R'  -f  C,H,OMgBr, 


and 


xOMgBr  ,0H 


(3)  R— C— R'  +  H,0     =     R— C— R'    -f  MgBr.OH. 

\r'  \r' 

With  the  esters  of  ketone  acids,  either  the  ketone  group  acts 
alone  or  the  carbonyl  and  carboxyl  groups  act  simultaneously.'' 

1  Bouveault  :  Ibid.,  [3],  39,  1051  (1903). 

2  Grignard  et  Tissier  :  Compt.  rend.,  134,  107(1902). 

3  Grignard  :  Aijn.  Chim.  Phys.,  [7],  24,  433  (1901). 
<  Zelinsky  :  Ber.  d.  chem.  Ges.,  35,  2138  (1902). 

»  Zelinsky  u.  Gutt  :  Ibid.,  35,  2140  (1902). 

6  Grignard  :  Compt.  rend.,  132.  136.    Masson  :  Ibid.,  132,  483.     Behal,  T iffeneau  et 
Sommelet  :  Ibid.,  133,  480.    Valeur  :  Ibid.,  132,  833. 
'  Grignard  :  Ann.  Chim.  Phys.,  [7],  27,  548  (1902), 
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In  no  case  was  a  compound  formed  by  the  action  of  the  carb- 
oxyl  group  alone.     We  first  obtain 

OMgBr 
>C-(CH,)„-COAH,. 

If  this  be  treated  with  water  the  ester  of  an  alcohol  acid  is 
formed  ;  in  some  cases  it  at  once  combines  with  more  of  the 
magnesium  organic  halide,  giving 

R'  R' 

I  I 

R—C—(CH,)„—C— OMgBr. 

I  I 

OMgBr  R' 

This  yields  a  bitertiary  glycol  when  treated  with  water. 

Unsaturated  hydrocarbons  are  frequently  formed  in  working 
with  compounds  containing  a  large  number  of  carbon  atoms, 
on  account  of  the  loss  of  water  by  the  alcohols  which  are 
originally  produced.  This  was  first  noticed  by  Grignard  and 
was  made  use  of  by  other  investigators.' 

Ketones  can  be  made  by  the  action  of  cyanogen  or  uitriles 
upon  the  organo-magnesium  halides.^ 


(i)  NC— CN  -h  IMgC.H,     =     N— C— Cs^ 


^NMgl 


C,H, 


^NMgl 
(2)  N-C-C^  +  IMgC.H, 


^NMgl 
IMgCN  +  C,H,C(^ 


and 


^NMgl        ,HO 
(3)  C,H,-Cf  Zll^y-.    C,H,CO.C,H, 


^an. 


Similarly 


1  Ann.  Chiui.  Pliys.,  [7],  24,  433   (1901).    Houben,  Hell  and  Bauer,  Hell  and  .Slock- 
mayer,  Kl.igesand  Heilniann,  Tliiele  and  Balhoin,  etc.    See  bibliography. 
-  Blaise  :  Compt.  rend.,  133,  38. 
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RCN  +  BrMgR'     =     R— C^ 

^R' 

This,  with  dilute  acids,  yields  R.CO.R'. 
Beis  made  ketones  by  the  reactions  •} 


NMgBr 


(i)  RCONH,  +  2Mg/         =     R— C— NHMgX  +  R'H, 


N 


X  \p. 


R' 


.OMgX 


(2)  R—C— NHMgX  f  2H,0     = 

\r' 

,OH 
R-C-NH,  +  MgX,  +  Mg(OH),, 

\r' 

(3)  r— c— nh,   =   r— c^    +  nh3. 

\  \r' 

\R'  ^ 

Several  different  ways  of  making  aldehydes  have  been  dis- 
covered.    Gattermann  and  Maffezeoli''  used  the  reaction  : 

CHgC.H.MgBr  +  HCOOC.H,     -= 

BrMgOC.H,  +  CH,C,H,.CHO; 

Bouveault'   allowed  dimethylformamide  to  react  with  magne- 
sium organic  halides  according  to  the  equations  : 

.OMgX 

HCONCCHj),  +  RMgX     =     H— C— NCCHg), ; 

\r 

yOMgX 

H-C— N(CH3),  +  H,0  +  (H,SO,)     = 

\r 

RCHO  +  NHCCH^),  +  MgXOH  +  (H^wSO,). 

1  Compt.  rend.,  137,  575  (1903). 

2  Ber.  d.  chem.  Ges.,  36,  4152  (1903). 
8  Compt.  rend.,  137,  756  (1903). 
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With  the  esters  of  orthoformic  acid  we  get  the  reactions  •} 

RMgBr  -f  C,H,0— C— H  = 

Mg/  +  RCH(OC,H,),  ; 

\Br 

RCH(OC,HJ,  +  H,0  H-  (HCl)     --     RCHO. 

Starting  with  RCO.CH,.OCjH5  and  R'MgBr  we  can  get 

Rv 

this  yields  the  aldehyde, 

>CH.CHO, 
R'/ 

when  dehydrated  by  heating  with  anhydrous  oxalic  acid/ 

The  reactions  of  the  organo-magnesium  halides  with  differ- 
ent classes  of  nitrogen  compounds  have  been  studied,  in  some 
cases  with  very  interesting  results.  The  production  of  ketones 
and  aldehydes  has  just  been  mentioned.  Ketone  esters  are 
obtained  from  cyan  esters,  for  instance  : 

NMgl 


'Nc(0H)CH,.0C,H5, 


CN-CH,CO,C,H,  +  IMgC.H,   =    C,HAC-CH,C^ 


C,H 


and  this,  with  water,  gives  C.Hp.C— CHjCO.C.Hj. 
When  isocyanates  are  used  we  get  anilides  :^ 

.OMgl 


CgH^NCO  +  IMgR    =     C.H^Na 


R 
OH 


CeH,N=c/  »-     CeHjNHCOR. 

\R 

>  Tschitschibabin  :  J.  Russ.  Phys.  Chem.  Ges.,  35,  222;  Ber.  d.  chem.  Ges.,  37,  186 
(1904).     Bodroux  :  Bull.  Soc.  Chim.,  [3],  31,  585  (1904). 

'■i  BC'hal  et  Sommelet:  Conipt.  rend.,  138,  89  ;  Bull.  Soc.  Chin.,  [3],  31,  300  (1904)- 
"  Blaise  :  I^c.  cil. 
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Anilides  were  also  prepared  from  esters.' 

NHR 
/OR"  I 

2RNHMgI  +  R'.COOR"     =     Mg<  +    R'— C— NHR. 

^I  I 

OMgl 

This,  with  dilute  hydrochloric  acid,  yields 

WQY  +  MglCl  +  RNH,. 

^NHR 

Sachs  and  lyoevy  studied  the  reaction  with  the  mustard  oils,^ 
obtaining,  as  we  should  expect,  the  thioanilides,  or  in  general, 
the  thioacylamines,  R.NHCSR'. 

Hydroxylamine  derivatives  are  formed  when  nitrogen  per- 
oxide, or  nitro  compounds,  are  allowed  to  act  upon  organo- 
magnesium  halides  : 

RNO,  +  R'MgX     -V     RR'N.OH  f 

C,H.MgI  +  NO,     ^     (C,HJ,NO.MgI      ^     (C,HJ,N.0H.* 

With  nitric  oxide  we  have  the  reaction  : 

NO     =     0=N— N=0  +  CgHjMgBr     ►- 

/OMgBr  /OH 

0=N— N<(  —  0=N— N^  / 

^QH,  \C,H, 

A  number  of  more  complex  reactions  have  been  carried  out 
with  other  nitrogen  compounds." 

The  Grignard  reaction  has  been  found  to  be  applicable  to  the 
formation  of  alkyl  and  aryl  derivatives  of  certain  metals. 
Compounds  of  tin,'  lead  and  mercury,**  thallium'' and  silicon"* 
have  been  made.  A  few  of  these  are  represented  by  the  for- 
mulas, 

Sn(QH,\,        Sn(C,H,CH,)3Cl,        Pb(C,H,)„         Hg(C,H,)„ 
(CeHJ^SiO,         QH.SiOOH,  etc. 

1  Bodroux  :  Compt.  rend.,  138,  1427- 
-  Ber.  d.  chem.  Ges.,  36,  585  ;  37,  S74. 
3  Moureu  :  Compt.  rend.,  132,  S37  (igoi). 
*  Wieland  :  Ber.  d.  chem.  Ges.,  36,  2315  (1903). 
^  .Sand  u.  Singer:  Xna.  Chem.  (L,iebig),  320,  190  {1903). 
'^  See  bibliography. 

"  Pl'eififer  n.  Schnurmann  ;  Ber.  d.chera.  Ges.,  37,  319. 
»  Pfeiffer  \i.  Truskier  :  Ibid.,  37,  1125. 
**  Meyer  u,  Bertheim  :  Ibid.,  37,  2051. 
1"  Dilthey  u.  Eduardoflf :  Ibid.,  37,  2051. 
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Some  of  the  typical  reactions  are  given  : 

SnBr,  +  QH.MgBr     =     Sn(C.H,),  +  4MgBr„ 

SnCl,  +  QH,CH,MgCl     —     (C«H,CH,),SnCl, 

and 

2PbCl,  +  4C«H,MgBr  =  Pb  +  Pb(CeH,),  +  sMgCl,  +  2MgBr,. 

Similar  reactions  take  place  with  the  trichloride  and  oxy- 
chloride  of  phosphorus. ' 

PCI  -V  C,H,MgBr     ^     P(C,H,)„ 

and 

POCI3  +  C,H,MgBr  ^  (C«H,),PO.OH  +  (C,H,)3P0. 

This  comparatively  brief  summary  of  the  work  that  has 
been  done  in  this  field  will  give  at  least  an  idea  of  the  possi- 
bilities of  the  Grignard  reaction.  Only  its  more  general  appli- 
cations have  been  discussed,  but  a  study  of  the  bibliography 
will  show  how  wide  these  are  and  will  suggest  new  lines  of  in- 
vestigation. 

In  the  bibliography  which  follows  an  attempt  has  been  made 
to  give  references  to  all  articles  bearing  on  the  subject,  includ- 
ing those  in  which  the  method  was  used  to  prepare  compounds 
for  other  lines  of  work.  It  is  brought  down  to  February  21, 
1905- 
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ALFRED  HENRY  ALLEN. 

Alfred  H.  Allen,  F.C.vS.,  F.I.C.,  was  born  at  vSouthwark, 
London,  January  17,  1846,  and  died  at  Sheffield,  July  14, 
1904.  He  received  his  professional  education  at  the  College 
of  Chemistry  and  Agriculture,  Kennington  and  at  the  Royal 
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College  of  Chemistry  and  School  of  Mines  (now  the  Royal 
College  of  Science),  under  Hofmann,  Tyndall  and  Percy  and 
at  University  College,  London.  Shortly  afterwards  he  settled 
in  ShefiBeld.  Allen's  activity  was  many-sided,  he  was  a  suc- 
cessful teacher,  was  Borough  and  County  Analyst  and  had  a 
large  private  practice.  His  time  and  energy  were  given  un- 
grudgingly to  the  service  of  the  Society  of  Public  Analysts,  In- 
stitute of  Chemistry  and  Society  of  Chemical  Industry,  in  each 
of  which  he  held  high  office  for  many  years.  Allen  is,  perhaps, 
bfest  known  in  this  country  for  his  "  Commercial  Organic 
Analysis,"  which  is  easily  the  standard  work  on  its  subject. 
It  is  not  a  mere  compilation,  but  contains  the  results  of  numer- 
ous original  investigations  made  by  the  author  and  his  assis- 
tants. He  also  wrote  "  Chemistry  of  the  Urine,"  1895,  em- 
bodying his  study  of  diabetes,  from  which  he  was  suffering  ;  in 
addition  he  was  a  frequent  contributor  to  the  analytical  and 
technical  journals.  Allen's  geniality  and  kindliness  were  com- 
bined with  a  wonderful  memory,  keenness  of  intellect  and 
great  ability  for  the  rapid  grasp  of  intricate  questions. 


REVIEWS. 
MaTeriai,ibn  der  SterEochemie.     In  Form  von  Jahresberichten.    II 
Bande.      Bearbeitet  von    C,    A.   BischofF.     1904.      pp.  cxxxvi  -f  1977. 
Braunschweig  :  Vieweg  und  Sohn. 

This  work  may  be  considered  as  a  supplement  to  the  two 
volumes  of  BischoflPs  "  Handbuch  der  Stereochemie,"  which 
have  previously  been  reviewed.^ 

The  book  is  in  two  volumes,  of  about  two  thousand  pages 
and  is  made  up  of  nine  annual  reports  on  stereochemistry,  em- 
bracing the  years  1894- 1902.  As  its  name  implies  it  is  in- 
tended chiefly  for  reference  and  maintains  the  cyclopedic 
character  of  the  original  "Handbuch." 

Each  year's  report  is  divided  into  four  sections,  treating  of 
general  stereochemistry,  optical  isomerism,  the  geometrical 
isomerism  of  optically  inactive  bodies  and  the  relations  be- 
tween positions  in  space  and  chemical  reactions. 

Under  the  section  of  general  stereochemistry  are  included 
monographs  and  special  publications  dealing  with  stereochem- 
ical problems.  The  literature  on  the  optical  rotation  of  active 
organic  compounds  is  very  thoroughly  reviewed  in  the  second 
section.  A  systematic  enumeration  of  the  many  examples  of 
geometrical  isomerism  is  given  in  section  III.  Inorganic 
compounds,  occurring  in  more  than  one  form,  are  also  given 
here.      Section  IV. ,  which  treats  of  space  relations  in  chem- 

1  This  Journal,  16,  475  ;  17,  725. 
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ical  reactions,  also  includes  a  list  of  all  known  ring  formations, 
organic  and  inorganic.  Separate  chapters  in  this  section  are 
devoted  to  molecular  rearrangements,  substitution-  and  addi- 
tion-reactions, "  Abspaltungen"  und  "  Verkettungen." 

Those  who  have  not  followed  closely  the  progress  of  stereo- 
chemistry will  be  surprised  to  learn  that  so  extensive  a  work 
could  be  written  upon  investigations  in  this  subject,  concern- 
ing which  nothing  was  heard  twenty  years  ago. 

In  some  chapters  the  literature  references  are  very  complete, 
while  in  others  they  are  decidedly  lacking.  One  would  not  ex- 
pect to  see  the  American  literature  on  molecular  rearrange- 
ments completely  ignored ;  more  attention  to  it  would  greatly 
increase  the  value  of  the  book.  No  references  are  given  to 
the  numerous  publications  on  this  subject  by  Stieglitz,  Ransom 
and  Wheeler  and  his  co-workers,  which  have  appeared  since 
1894. 

The  reviewer  observed  several  typographical  errors,  as  was 
to  be  expected  in  a  work  of  such  magnitude.  On  page  1203 
the  formula  of  jormylphenylessigester  is  represented  as  HCO. 
(QHJCHCOOCeH,  instead  of  HCO(C,HJCHCOOC,H,.  The 
names  of  American  writers  have  been  misspelled  in  many  in- 
stances, as  is  of  common  occurrence  in  German  books. 

Regardless  of  defects  in  the  work,  few  chemists  will  fail  to 
find  it  suggestive.  Those  who  are  especially  interested  in 
stereochemistry  will  find  the  book  indipensable. 

T.  B.  JOHNSOK. 

A  Systematic  Handbook  of  Voi.umetric  Anai^ysis,  or  the  Quantita- 
tive Estimation  of  Chemical  Substances  by  Measure ,  Applied  to 
Liquids,  Solids  and  Gases.  Adapted  to  the  Requirements  of  Pure 
Chemical  Research,  Pathological  Chemistry,  Pharmacy,  Metallurgy, 
Manufacturing  Chemistry,  Photography,  etc.,  and  for  the  Valuation  of 
Substances  used  in  Commerce,  Agriculture  and  the  Arts.  By  Francis 
Sutton,  F.I.C,  F.C.S.,  Public  Analyst  for  the  County  of  Norfolk,  etc. 
Ninth  edition,  revised  and  enlarged.  Philadelphia  :  P.  Blakiston's 
Son  &  Co.     1904.     pp.  xii  +  617. 

Sutton's  "  Volumetric  Analysis"  has  so  long  been  a  valued 
reference  book  that  comment  upon  its  general  character  is 
obviously  superfluous.  The  present  (ninth)  edition  has  been 
printed  from  new  plates  and  the  text  has  been  revised  through- 
out. The  size  of  the  page  is  slightly  larger  and,  although 
the  number  is  less  than  in  the  last  edition,  the  changes 
have  resulted  in  a  net  increase  of  reading  matter. 
These  are  so  widely  distributed  throughout  the  text  that  a 
few  only  of  the  more  striking  can  properly  be  enumerated. 

The  most  extensive  additions  appear  to  be  found  in  the 
paragraphs  which  treat  of  the  examination  of  ammoniacal 
gas   liquors,   contributed  by  the  Chief  Inspector   under   the 
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Alkali- Works  Regulation  Acts  and  his  assistant  (pp.  77-82 
and  p.  502);  in  the  section  upon  the  azo  dyes,  nitro  and 
nitroso  compounds,  etc. ,  contributed  by  Dr.  E.  Knecht  (pp. 
366-367);  in  the  description  of  Procter's  modification  of 
Hehner's  method  of  estimating  the  hardness  of  waters  (pp. 
503-507)  and  in  the  account  of  the  work  of  L.  W.  Andrews  on 
the  uses  of  potassium  iodate  (pp.  507-510).  Other  additions, 
as,  for  example,  the  description  of  the  titration  of  iron  by 
means  of  titanous  chloride,  the  volumetric  determination  of 
magnesium,  the  extended  description  of  the  determination  of 
free  alkali  in  soap,  or,  on  the  other  hand,  the  omission  of  cer- 
tain methods  which  the  author  has  come  to  distrust  or  con- 
sider obsolete  (the  Grossman-Bohlig  method  for  the  examina- 
tion of  salt-cake,  for  example)  are  at  least  an  equally  important 
part  of  the  attempt  to  keep  the  handbook  abreast  of  the 
times. 

The  index  has  been  revised  and  extended  and  this  work  ap- 
pears to  have  been  well  done,  although  one  consults  it  in  vain 
to  discover  the  different  uses  made  of  titanous  chloride,  a 
somewhat  unfamiliar  agent  as  yet  and  also  for  the  names  of 
the  originators  of  a  considerable  number  of  the  processes 
mentioned  in  the  text.  But  these  are  minor  matters  ,  the  fact 
that  the  present  edition  has  followed  the  eighth,  after  an 
interval  of  only  four  j^ears,  indicates  the  general  high  esteem 
in  which  the  manual  is  held.  H.  P.  Talbot. 

A  Text-book  of  Quantitative  Chemicai.  Analysis  by  Gravimetric, 
Electrolytic,  Volumetric  and  Gasometric  Methods,  with  Sev- 
enty-two Laboratory'  Exercises  giving  the  Analysis  of  Pure  Salts,  Alloys, 
Minerals  and  Technical  Products.  By  J.  C.  Olsen,  A.M.,  Ph.D.,  Pro- 
fessor of  Analytical  Chemistry  in  the  Polytechnic  Institute  of  Brook- 
lyn.    New  York  :  D.  Van  Nostrand  Company.     1904.     pp.  xix  +  513. 

This  text-book  is  stated  by  the  author  to  have  been  born  of 
a  spirit  of  discontentment  with  the  previously  existing  man- 
uals of  analytical  chemistry,  because  of  the  tendency  of  them 
to  give  special  prominence  to  some  one  branch  of  the  subject 
to  the  exclusion  of  others,  thus  necessitating  reference,  on  the 
part  of  the  thoughtful  student,  to  a  "  very  considerable  number 
of  text-books  and  journals."  To  avoid  this  perversion  of  time 
and  energy  the  attempt  has  been  made  to  present  a  work  which 
shall  accord  to  each  branch  of  the  subject — such  as  gravimetric, 
volumetric,  electrolytic  and  gasometric  analysis — a  treatment 
■which  shall  correspond  with  its  relative  importance  from  a 
practical  standpoint  and  also  to  present  a  book  which  shall 
meet  the  author's  own  views  as  to  desirable  sequence  of  topics, 
while  it  likewise  acquaints  the  student  with  the  underlying 
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reasons  for  each  step  taken  and  develops  his  technical  skill. 
It  is  avowedly  written,  in  the  first  instance,  as  a  text-book 
from  which  to  teach. 

The  first  two  chapters  deal  with  the  general  operations  of 
chemical  analysis  and  contain  much  timely  advice ;  then  fol- 
low thirteen  chapters  (154  pp.)  dealing  with  gravimetric 
methods  and  including  thirty-nine  "laboratory  exercises" 
(analytical  procedures),  which  range  in  difficulty,  though  not 
strictly  progressively,  from  the  determination  of  water  of  crys- 
tallization to  complete  analyses  of  such  alloys  as  Rose's  metal, 
or  those  of  complex  silicates.  Electrolytic  methods  are  next 
dealt  with  in  two  chapters  (27  pp.),  followed  by  ten  chapters 
(129  pp.)  of  volumetric  methods,  after  which  the  analysis  of 
iron,  steel  and  coal,  water  analysis,  the  analysis  of  fats  and 
oils,  gas  analysis  and  stoichiometry,  each  are  treated  in  a  sin- 
gle chapter  (116  pp.  in  all);  the  whole  ends  with  an  appendix 
containing  useful  tables.  Of  the  laboratory  exercises  not 
mentioned  above,  six  comprise  electrolytic  methods,  twenty- 
four  volumetric  procedures  and  the  other  two  include  the 
proximate  analysis  of  coal  and  the  analysis  of  illuminating 
gas. 

Any  attempt  to  produce  a  text-book  of  analytical  chemistry 
which  shall  present  a  "  thorough"  and  "  comprehensive"  view 
of  the  subject  within  the  scope  of  the  present  volume  seems,  of 
itself,  to  invite  criticism  and  it  may  fairly  be  questioned 
whether,  looked  at  from  a  general  standpoint,  Professor  Olsen 
has  succeeded  better  than  some  of  his  predecessors  in  produc- 
ing a  well-balanced  work.  This  should  not  imply,  however, 
that  there  is  not  a  great  deal  in  his  treatment  of  the  subject 
that  is  worthy  of  the  attention  of  all  who  are  interested  in  the 
training  of  students  in  the  art  of  chemical  analysis,  nor  does 
it  mean  that  the  more  experienced  analyst  will  fail  to  find  use- 
ful suggestions.  Opinions  must  always  differ  as  to  the  most 
desirable  sequence  in  the  presentation  of  topics  to  a  class  and, 
still  more,  as  to  the  choice  of  detailed  procedures.  In  these 
particulars  the  reader  will  quite  likely  find  more  to  praise  than 
to  censure,  but  it  is  not  so  clear  that  in  the  chapters  relating 
to  specialized  topics,  such  as  gas  analysis,  water  analysis,  or 
the  examination  of  oils,  fats  and  waxes,  the  student  will  find 
such  a  treatment  as  will  preclude  that  necessity  for  reference 
to  more  extended  treatises  which  the  author  sought  to  avoid, 
nor  does  it  seem  reasonable  that  this  should  be  so. 

In  the  chapter  devoted  to  stoichiometry,  a  phase  of  labora- 
tory instruction,  which  is  too  often  neglected  is  brought  into 
desirable  prominence  and  the  subject-matter  is  presented  in  a 
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helpful  way.  Most  of  the  procedures  and  explanations 
throughout  the  book  are  given  with  painstaking  detail,  but 
the  work  is  uneven  in  this  respect  and  in  some  cases,  the 
directions,  as  given,  would  almost  certainly  lead  to  erroneous 
results.  One  such  instance  is  found  on  p.  317,  where,  in  the 
description  of  the  determination  of  iron  in  its  ores,  the  student 
is  directed  to  add  mercuric  chloride  solution  to  a  hoi  solution 
containing  a  greater  or  less  excess  of  stannous  chloride.  Re- 
duction to  metallic  mercury  would  follow,  which,  in  turn, 
would  react  upon  the  potassium  dichromate  used,  obscuring 
the  end-point  of  the  titration. 

The  publishers  cannot  be  congratulated  upon  the  typography 
of  this  volume.  Imperfect  letters,  inverted  letters  and  crooked 
lines  occur  with  unpleasant  frequency  throughout  its  pages. 
Other  letters  are  missing,  no  less  than  five  figures  are  lacking 
altogether  in  the  logarithm  table  and  the  word  phosphorus  is 
frequently  and  uniformly  misspelled  throughout  more  than 
half  of  the  volume.  Carelessness  in  these  matters  has  been 
noticeable  in  several  recent  works  from  different  publishing 
houses,  but  in  none  to  a  greater  extent  than  in  this  volume  ; 
it  seems  quite  time  that  there  should  be  a  return  to  the  old- 
time  pride  both  in  freedom  from  errors  and  in  excellence  of 
appearance. 

But  it  may  properly  be  said  that  Professor  Olsen  has  con- 
tributed a  volume  to  the  literature  of  analytical  chemistry 
which  is  of  distinct  interest  from  the  teachers'  standpoint  and 
is  worthy  of  the  attention  of  his  co-laborers. 

H.  P.  Talbot. 

Elementary  Manuai,  for  the  Chemicai,  I/Aboratory.  By  Louis 
Warner  Riggs,  Ph.D.,  Instructor  of  Chemistry  in  Cornell  Univer- 
sity.    First  edition.     New  York  :  John  Wiley  and  Sons.     1904. 

This  is  a  laboratory  guide  for  those  students  who  need  to 
cover  the  ground  of  general  chemistry,  qualitative  analysis 
and  volumetric  analysis  in  one  year.  The  author  describes 
the  chemical  changes  in  qualitative  analysis  in  terms  of  the 
electrolytic  dissociation  theory.  The  work  on  volumetric 
analysis  precedes  that  on  qualitative  analysis  ;  other  teachers 
will  agree  with  the  author  in  preferring  this  sequence. 

E.  R. 

The  Industrial  and  Artistic  Technology  op  Paint  and  Varnish. 
By  Alvah  Horton  Sabin,  Chemist,  Edward  Smith  &  Co.  First 
Edition.  New  York :  John  Wiley  and  Sons.  1904.  Cloth,  8vo. 
pp.  vi  +  364. 

The  author  treats  the  subject  more  from  the  standpoint  of 
the  manufacturer  and  engineer  than  from  that  of  the  chemist. 
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The  technology  of  varnish  is  the  especial  feature  of  the 
book  and  will  be  welcomed  by  those  desiring  general  informa- 
tion on  the  subject.  Varnish  has  usually  been  made  behind 
closed  doors  and  methods  and  mixtures  guarded  as  trade 
secrets. 

It  is  shown  here,  however,  that  the  quality  of  the  product 
is  due  to  a  knowledge  of  the  requirements  and  to  experience 
and  care  used  in  its  manufacture. 

The  chapters  on  metal  corrosion  and  protective  coatings 
deal  with  the  general  causes  of  oxidation  and  means  of  pre- 
vention. 

Results  of  an  extended  series  of  exposure  tests  of  protective 
coatings,  in  salt  and  fresh  water,  are  given  and  bear  out,  in 
general,  the  author's  opinion  regarding  the  durability  of  oleo 
resin  varnishes  and  enamel  paints. 

The  methods  employed  in  making  these  tests  can  be  studied 
to  advantage,  as  it  is  diflficult  to  secure  comparable  results  in 
this  line  of  investigation. 

The  thorough  review  of  the  early  paint  and  varnish  liter- 
ature adds  materially  to  the  bibliography  of  the  subject. 

The  author  states  that  the  present  knowledge  of  the  chem- 
istry of  resin  gums  is  too  indefinite  to  give  a  satisfactory 
method  of  analysis  for  oleo  resin  varnishes,  so  the  analyst  will 
gain  but  little  new  chemical  data,  except  indications  for  lines 
of  investigation. 

Unfortunately,  there  is  a  lack  of  definite  information  on  this 
subject  and  it  is  especially  regretted  that  the  author,  with  his 
knowledge  as  a  chemist  and  manufacturer,  should  not  have 
devoted  more  space  to  the  chemistry  of  the  fossil  and  recent 
resin  gums  and  the  changes  which  take  place  when  they  are 
melted  and  mixed  with  the  oil  in  the  varnish  kettle. 

This  is  a  line  of  investigation  of  especial  interest  to  the 
technical  chemist  and  one  which  has  received  but  scant  atten- 
tion in  the  literature. 

The  subject-matter  is  handled  in  a  clear  and  readable  man- 
ner, with  evidence  of  the  author's  dry  humor  and  pleasant 
personality  ;  the  index  is  good  and  the  text  free  from  typo- 
graphical errors.  S.  S.  Voorhees. 
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THE    REACTION   BETWEEN    UNSATURATED    COM- 
POUNDS AND  ORGANIC  MAGNESIUM   COM- 
POUNDS. 

V.    REACTIONS  WITH  a-CYANCINNAMIC  ACID. 
By  E.  p.  Kohler  and  Marie  Reimer. 

The  unsaturated  compounds  that  were  considered  in  the 
previous  papers  of  this  series  have  essentially  the  same  struc- 
ture— all  contain  the  "conjugated  system," 

C  :  C.C  :  O. 

For  the  sake  of  comparison  with  the  more  complicated  case, 
represented  by  cj'ancinnamic  ester,  the  results  obtained  with 
these  substances  may  be  briefly  summarized  as  follows  : 

I .  The  reaction  between  unsaturated  aldehydes  and  organic 
magnesium  compounds  invariably  consists  in  the  addition  of 
the  magnesium  derivative  to  the  carbonyl  group  :^ 

/OMgX 
C  :  C.C  :  O  -f  RMgX     =     C  :  C.C< 

I  I  \r 

H  H 

1  This  Journal,  31,  642. 
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2.  Ketones  that  have  methyl  in  combination  with  the  car- 
bon atom  of  the  carbonyl  group,  react  like  aldehydes  •} 

/OMgX 
C  :  C.C  :  O  +  RMgX     =     C  :  C.C< 
I  I  ^R 

CH3  CH, 

3.  The  reaction  with  ketones  having  phenyl  in  combination 
with  the  carbon  atom  of  the  carbonyl  group,  consists  in  1,4- 
addition  of  the  magnesium  compound  to  the  ketone  :^ 

C  :  C.C  :  O  +  RMgX     =     C.C  :  C.OMgX. 

I  I  I 

CgHj  R       CgHs 

4.  With  esters  two  different  reactions  may  take  place:  1,4- 
addition  and  replacement  of  the  alkoxyl  with  an  alkyl  group  :^ 

1.  C  :  C— C  :  O  +  R'MgBr     -=     C.C  :  COMgBr  ; 

I  I  I 

OR  R'       OR 

2.  C  :  C.C  :  O  +  R'MgBr     =     C  :  C.C  :  O  +  MgORBr. 

I  I 

OR  R' 

With  aromatic  magnesium  compounds  the  principal  reaction 
is  that  represented  by  the  first  equation  ;  with  aliphatic  mag- 
nesium derivatives  that  represented  by  the  second  ;  but  the  re- 
sult also  depends  upon  the  atoms  or  groups  in  the  a-position 
with  reference  to  the  carbonyl  group.  ' '  Negative' '  groups  in 
this  position  increase  the  extent  to  which  the  first*  reaction 
takes  place. 

a-Cyancinnamic  ester  contains  two  conjugated  systems, 

C  :  C.C  :  O         and         C  :  C.C   i  N, 

in  the  relation  to  each  other,  which  Thiele^  has  called  "crossed." 
According  to  Thiele  the  points  at  which  combination  takes 
place,  in  compounds  having  this  structure,  depends  upon  the 
specific  properties  of  the  combining  substances.     In  the  case 

1  This  Journal,  31,  658. 

'  Ibid.,  31,  649. 

^  Ibid.,  33,  21. 

*  /bid.,  33,  153. 

6  Ann.  Chem.  (Liebig),  306,  iii. 
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of  dibenzalpropionic  acid,  for  example,  bromine  combines  with 

I  4 

the  carbon  atoms  marked  C  and  C,   while  hydrogen,  which 

forms  stable  compounds  with  oxygen,  combines  at  the  points 

I  4' 

marked  C  and  O  : 

CgHjCH  :  C.CH  :  CHC5H5. 

I 
O  :  C— OH 

4'     3' 

Of  the  two  systems  present  in  cyancinnamic  ester, 

C.HjCH  :  C.C  :  6, 

I    I 
N  :    COC.H^ 

4'        3' 

the  first,  as  shown  above,  takes  up  organic  magnesium  com- 
pounds in  the  1,4-positions.  All  that  is  known  of  the  second 
is  that  the  cyanogen,  like  the  carbonyl  group,  readily  com- 
bines with  Grignard's  reagent.  Blaise  found,  for  example, 
that  the  reaction  between  ethyl  cyanacetate  and  methylmagne- 
sium  iodide  is  represented  by  the  equation  : 

CCH,COOC,H.  +  2CH3MgI     = 

III 

N 

CH3CCH,COCH3  +  MgCOC.HJI. 

N— Mgl 

To  determine  whether  this  system  can  take  up  organic  mag- 
nesium compounds  by  1,4-addition,  we  treated  cinnamonitrile 
and  phenylcinnamonitrile  with  phenylmagnesium  bromide. 
The  former  reacts  according  to  the  equation  : 

CgH.CH  :  CH.C  i    N  +  C^HsMgBr     = 

CgHsCH  :  CH.C  :  NMgBr. 

CeH3 

The  latter,  in  which  the  reactivity  of  the  cyanogen  group  is 
diminished  by  the  presence  of  phenyl  in  the  a-position,  does 
not  react  at  all.     The  cyanogen  group  in  a-cyancinnamic  ester 
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should,  therefore,  have  no  influence  on  the  addition-reactions 
of  the  substance.  This  conclusion  is  in  perfect  agreement  with 
the  facts.  Cyancinnamic  ester,  although  it  contains  two  con- 
jugated systems  and  two  groups  capable  of  reacting  with  or- 
ganic magnesium  compounds,  always  reacts,  solely,  according 
to  the  equation^  ^^^a>^  ^^'>-^'f^ 

[;c :  c< 


C.H.CH 


C  .   a:  O 

I        I 
CN  OC,H. 


RMgBr 


CkH,;CH, 


OMgBr 


It  is  the  first  unsaturated  ester  that  gives  the  same  reaction 
with  all  classes  of  magnesium  compounds  ;  the  cyanogen  group 
in    the  a-position    completely   prevents    the    replacement    of     i 
alkoxyl  by  alkyl. 

The  effect  of  different  groups  in  the  a-position  is  shown  by 
the  following  table  : 


Ester. 

Magnesium 
compound. 

Per  cent 

of  product 

formed  by 

replacement 

of  OR. 

Per  cent 
of  product 
formed  by 

1,4-addi- 
tion. 

C^H-CH  :  CHCOOR 

C,H,MgBr 

50 

50 

( ( 

CH3MgI 

100 

0 

QH.CH  :  CCOOR 

1 

C«H,MgBr 

30 

70 

1 
Br 

(( 

CHjMgl 

ICG 

0 

CeH.CH  :  CCOOR 

1 

C,H,MgBr 

0 

100 

CeH, 

( ( 

CHjMgl 

100 

trace 

CgH^CH  :  CCOOR 

C,H,MgBr 

0 

100 

CN 

CH3MgI 


100 


The  magnesium  compound  obtained  by  adding  phenylmag- 
nesium  bromide  to  cyancinnamic  ester  behaves,  towards  most 
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reagents,  like  the  corresponding  substances  prepared  from  other 
unsaturated  compounds.  The  reaction  with  acid  chlorides, 
however,  is  totally  different  from  that  of  an)'  other  magnesium 
compound  that  we  have  studied.  If  the  substance  is  added  to 
excess  of  the  acid  chloride,  the  diphenylmethyl  group  is 
smoothly  replaced  by  an  acyl  group  : 

/OMgBr 
2(C6H-),CHC  :  C<  +  2RCOCI     = 

CN 

(RCOC  :  C0C,H50),Mg  +  2(CeH,),CHCl  +  MgBr,. 

I  ■ 
CN 

This  remarkable  reaction  is  a  perfectly  clean  one  and  we 
have  not  succeeded  in  getting  any  intermediate  products. 

The  same  reaction  takes  place  when  the  operation  is  re- 
versed, so  that  the  acid  chloride  is  added  to  an  excess  of  the 
magnesium  derivative,  but  in  this  case  the  diphenylchlor- 
methane  subsequently  reacts  with  another  molecule  of  the 
magnesium  compound  : 

/OMgBr 
(C,H,),CHC  :  C<  +  (QHJ^CHCl     = 


CN 


C,H,.  .OCH<( 

MgBrCl  +  >CHC  :C<  ^CgHj. 

C,h/         i        \OC,H, 
CN 

The  resulting  substance  is  an  acetal  of  a  new  type  of  un- 
saturated ketones  and  we  hope  that,  by  suitable  selection  of 
materials,  it  may  be  possible  to  get  the  ketones  themselves. 

EXPERIMENTAL. 

Preparation  of  Ethyl  a-Cyancinnamate. — The  ester  was  first 
obtained  by  Carrick,'  by  condensing  benzaldehyde  with  cyan- 
acetic  ester.  Carrick  used  a  small  quantity  of  sodium  alco" 
holate  as  a  condensing  agent  and  found  that  the  yield  is  poor, 

1  J.  prakt.  Chem.,  [2],  45,  501. 
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unless  the  reaction  is  carried  out  with  very  small  quantities 
and,  even  then,  rarely  exceeds  60  per  cent  of  the  calculated 
amount.  As  a  by-product  he  obtained  an  oil  from  which  no 
pure  substances  could  be  isolated.  The  ester  was  subse- 
quently made  by  Fiquet,'  by  condensing  benzaldehyde  with 
cyanacetic  acid  and  saturating  an  alcoholic  solution  of  the 
product  with  hydrochloric  acid.  This  gives  a  fair  yield,  but 
involves  a  tedious  purification  of  benzalcyanacetic  acid. 

We  have  found  that  the  ester  can  be  obtained,  in  calculated 
quantity,  by  a  slight  modification  of  Carrick's  method.  It 
seemed  likely,  in  view  of  the  results  published  by  Knoevenagel 
and  by  others  who  have  studied  the  action  of  alkaline  con- 
densing agents,  that  the  by-product  described  by  Carrick  was 
a  benzylidene  compound,  formed  by  condensation  of  cyancin- 
namic  ester  with  a  second  molecule  of  cyanacetic  ester  : 

CgHjCH  :  CCOOC.H^  +  NCCH.COOC.H^     = 

CN 

CeH^CHCCHCNCOOC.HJ,. 

Knoevenagel  has  shown  that  this  second  reaction  can  usually 
be  avoided  by  condensing  at  sufficiently  low  temperatures. 
We  therefore  adopted  the  following  procedure  :  A  solution  of 
100  grams  benzaldehyde  and  100  grams  ethyl  cyanacetate,  in 
200  cc.  of  alcohol  (95  per  cent),  that  has  previously  been  dis- 
tilled from  a  small  quantity  of  potassium  hydroxide,  is  cooled 
in  a  freezing-mixture.  The  condensing  agent — i  gram  of 
sodium  dissolved  in  absolute  alcohol — is  added  to  the  solution 
when  the  temperature  is  at  or  below — 15°.  If  the  tempera- 
ture is  sufficiently  low  the  liquid  remains  colorless  and,  in  the 
course  of  a  few  hours,  cyancinnamic  ester  begins  to  separate 
in  long,  colorless  needles.  After  24  hours,  during  which  the 
temperature  is  allowed  to  rise,  gradually,  to  0°,  the  reaction  is 
complete.  The  mixture  is  then  cooled  to  —15°,  the  ester  fil- 
tered and  washed  with  a  small  quantity  of  cold  alcohol.  The 
weight  of  crude  ester  is  180  grams  and  a  little  more  can  be  ob- 
tained by  neutralizing  the  filtrate  and  distilling  it  in  a  current 
of  steam.     Alcohol  and  a  small  quantity  of  oil  pass  over,  while 

1  Ann.  Chim.  Phys.,  [6],  29,  4^3. 
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the  ester  remains  and  solidifies  on  cooling.     It  was  purified  by 
recrystallization  from  alcohol. 

Reaction  with  Phenylmagnesium  Bromide. — In  the  earlier 
experiments  an  ethereal  solution  of  ester  was  added,  drop  by 
drop,  to  a  solution  of  the  bromide,  cooled  in  ice-water.  Under 
these  conditions  each  drop  of  the  solution  produces  a  yellow 
precipitate,  that  slowly  redissolves,  on  shaking,  until  the 
liquid  contains  a  little  more  than  i  molecule  of  ester  for  2  mole- 
cules of  the  magnesium  compound.  At  this  point  the  yellow 
precipitate  no  longer  disappears. 

In  the  later  experiments  an  ethereal  or  benzene  solution  of 
ester  was  added  to  a  boiling  solution  of  the  magnesium  com- 
pound, as  it  was  found  that  the  product  is  the  same  as  that  formed 
at  low  temperatures.  When  the  reaction  takes  place  in  boil- 
ing solution,  the  intermediate  yellow  product  disappears  almost 
as  fast  as  it  forms  and  the  reagents  can  be  used  in  equivalent 
quantities.  From  ether  the  addition-product  separates  as  a 
stiff  paste,  from  benzene  as  an  oil  that  remains  emulsified  in  the 
liquid  and  is,  therefore,  much  better  adapted  for  subsequent 
reactions. 

Ethyl  a-  Cya7i-(i,  ji-diphenylpropiotiate , 
(CgHJjCHCHCOjCjHj^. — When    the   magnesium    compound, 

CN 
obtained  as  described  above,  is  decomposed  with  water,  the 
product  is  ethyl  cyandiphenylpropionate.  It  is  easily  purified 
by  recrystallization  from  alcohol  and  the  yield  is  good — 20 
grams  of  cyancinnamic  ester,  with  the  phenylmagnesium  bro- 
mide obtained  from  2.75  grams  of  magnesium,  gave  25.4  grams 
of  pure  ester  ;  calculated  27.9  grams.  The  ester  crystallizes 
from  alcohol  in  large,  colorless  pyramids,  melting  at  78°.  It 
is  readily  soluble  in  chloroform,  acetone  and  boiling  alcohol  ; 
moderately  in  cold  alcohol  and  in  ether ;  very  slightly  in  ligroin. 
Analysis : 

0.1890  gram  substance  gave  0.5362  gram  COj  and  0.1059 
:gram  H,0. 
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Calculated  for 
CisHjiOoN.  Found. 

C  77-69  77-37 

H  6. II  6.22 

As  the  ester  contains  a  mobile  hydrogen  atom  in  the  a-posi- 
tion,  it  is  very  easily  hydrolyzed  by  alcoholic  potassium  hy- 
droxide. In  the  cold  the  action  of  the  base  is  confined,  al- 
most exclusively,  to  the  ethoxyl  group  ;  in  boiling  solution  it 
also  includes  the  cyanogen  group. 

Cyandiphenylpropioyiic Acid ,  (CgH5)2CHCHC02H. — A  strong, 

CN 
aqueous  solution  of  potassium  hydroxide,  containing  a  little 
more  than  i  equivalent  of  the  base,  was  added  to  a  cold,  satu- 
rated solution  of  the  ester,  in  absolute  alcohol.  After  the  mix- 
ture had  stood  for  2  days,  at  the  ordinary  temperature,  the 
alcohol  was  evaporated  in  a  current  of  air,  the  residue  poured 
into  water  and  the  resulting  liquid  extracted  with  ether.  The 
ethereal  solution  contained  only  a  small  quantity  of  unchanged 
ester.  From  the  aqueous  solution  hydrochloric  acid  precipi- 
tated a  colorless  liquid,  that  solidified  on  standilig.  The  solid 
was  recrystallized  from  a  mixture  of  ether  and  ligroin. 
Analysis : 

0.1610  gram  substance  gave  0.4506  gram  CO2  and  0.0782 
gram  H,0. 

Calculated  for 
CiflHijOoN.  Found. 

C  76.49  76.33 

H  5.18  5.40 

The  acid  crystallizes  in  small,  colorless  needles,  melting  at 
162°.  It  is  very  soluble  in  alcohol  and  ether;  slightly  in 
ligroin  and  in  boiling  water. 

^,^-Diphenylpropionitrile,  (CgH5),CHCH3CN.— When  cyan- 
diphenylpropionic  acid  is  heated  it  begins  to  lose  carbon  diox- 
ide at  about  185°.  Five  grams  of  the  acid  were  heated  at  190°, 
in  a  sulphuric  acid  bath,  until  there  was  no  further  gas  evolu- 
tion. The  yellow  residue  solidified  on  cooling  and  was  recrys- 
tallized from  low-boiling  ligroin,  until  the   melting-point  re- 
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mained  constant  at  100°.     Analysis  showed  that  the  substance 
was  diphenylpropionitrile. 

o.  1711  gram  substance  gave  0.5471  gram  CO2  and  0.0986 
gram  Hfi. 

Calculated  for 

C15H13N.  Found. 

C  86.95  87.13 

H  6.28  6.40 

The  nitrile  dissolves  readily  in  most  organic  solvents  and  has 
a  pronounced  tendency  to  separate  from  solution  as  an  oil. 
From  low-boiling  ligroin  it  crystallizes  in  small,  lustrous 
prisms. 

li,P-Diphe7iylpropio7iamide,  (CeH,),CHCH,CONH,.  —This 
was  easily  obtained  by  boiling  the  corresponding  nitrile, 
with  alcoholic  potassium  hydroxide,  for  ^  hour,  with  a  return 
condenser  ;  the  alcohol  was  cemoved  by  distillation  and  the 
residue  poured  into  water.  The  solid  that  separated  melted 
sharply  at  127°,  after  one  recrystallization  from  aqueous  alco- 
hol.    Analysis: 

0.1901  gram  substance  gave  0.5603  gram  COj  ando.1129 
gram  Hp. 


Calculated  for    /\  tl 


iM^i^  ^^^ 


CijHisO^V     /»*-*^  Found. 

C  80.20  80.37 

H  6.66  6.59 

The  amide  is  readily  soluble  in  alcohol  and  ether,  very 
slightly  so  in  water.  It  cr3'stallizes  in  needles.  Boiling 
potassium  hydroxide  hydrolyzes  it  very  slowly  to  the  corre- 
sponding acid.  With  a  concentrated  aqueous  solution  the  hy- 
drolysis was  complete  after  boiling  for  8  hours,  while,  with 
concentrated  alcoholic  potassium  hydroxide,  it  was  incomplete 
even  after  12  hours.  The  resulting  acid — /?,y3-diphenylpro- 
pionic  acid — was  identified  by  comparison  with  a  specimen 
from  another  source. 

yS,  §-Diphenyhnethylmalonic  Monamide, 
.COOH 
(CgHJjCHCH^  . — When  concentrated,  aqueous  potas- 

^CONH, 


342  Kohler  and  Reimer. 

sium  hydroxide  was  added  to  a  hot,  concentrated  solution  of 
ethj'l  cyandiphenj^lpropionate,  a  colorless  potassium  salt  pre- 
cipitated. This  was  probably  a  metallic  derivative  of  the  ester, 
as  it  redissolved  almost  immediately.  After  boiling  the  solu- 
tion for  several  hours  the  alcohol  was  evaporated  and  the  solid 
residue  acidified  with  dilute  acid.  To  separate  non-acid  prod- 
ucts, the  precipitate  was  dissolved  in  solution  of  sodium  car- 
bonate. A  small  quantity  of  insoluble  material  was  removed,, 
the  filtrate  extracted  with  ether  and  the  acid  reprecipitated. 
It  was  colorless,  but  so  unstable  that  it  was  difficult  to  get  it 
free  from  diphenylpropionamide.  It  was  dried  in  the  air,  then 
dissolved  in  boiling,  absolute  alcohol  and  the  solution  imme- 
diately cooled  in  a  freezing-mixture.  The  acid  separated  in 
long,  fine  needles.  These  were  washed  with  ether  and  dried 
in  a  current  of  air.     Analysis : 

0.1492  gram  substance  gave  0.3898  gram  COj  and  0.0815 
gram  HjO, 

Calculated  for 
C16H15O3N.  Found. 

C  71.37  71.09 

H  5.58  6.06 

The  acid  is  readily  soluble  in  alcohol,  moderately  in  ethen 
It  loses  carbon  dioxide  so  easily  that  the  melting-point  ob- 
served depends  largely  upon  the  rate  at  which  the  temperature 
is  raised.  The  highest  melting-point — obtained  by  rapid  heat- 
ing—  was  170°.  In  an  air-bath  it  slowly  loses  carbon  dioxide 
and  ultimately  liquefies  at  130°.  The  decomposition  can  be 
completed,  in  a  short  time,  by  heating  to  150°.  The  product  is 
diphenylpropionamide,  identical  with  that  of  the  hydrolysis  of 
diphenylpropionitrile.  It  is  noteworthy  that  the  carbamide 
group  has  a  much  more  pronounced  effect  upon  a  carbonyl 
group  in  combination  with  the  same  carbon  atom  than  the 
cyanogen  group  has. 

Ethyl  a,a-Bromcyan-  ft ,  ft-diphenylpropionate , 
(C6H5)2CHCBrCNCO.OC,H5.— The  reaction  between  bromine 
and  the  magnesium  compound,  obtained  by  adding  phenyl- 
magnesium  bromide  to  cyancinnamic  ester,   is  like  that  be- 
tween bromine  and  the  addition-products  from  other  unsatura- 


Calculated  for 

CisHioOaN. 

c 

60.33 

H 

6.47 
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ted  compounds.  The  bromine  reacts  as  fast  as  it  is  added,  un- 
til the  liquid  contains  2  atoms  for  every  atom  of  magnesium 
used  in  the  preparation  of  phenylmagnesium  bromide.  The 
product,  separated  in  the  usual  way,  crj'stallized  in  large,  col- 
orless prisms.     Analysis : 

0.1971  gram  substance  gave  0.4372  gram  CO^  and  0.0885 
^ram  H^O. 

Calculated  for 

Found. 

60.49 

4-95 

The  ester  melts  at  97°.  It  is  readily  soluble  in  chloroform 
and  acetone,  moderately  in  absolute  alcohol  and  ether.  Cold, 
alcoholic  potassium  hydroxide  hydrolyzes  it  and  simultaneously 
eliminates  all  bromine  as  h^drqbromic  acid. 

a-Cyan-/3,/3-ik'phe?iy/a'n9(amicAa'd,  (CgHJ^C  :  C(CN)COjH, 
and  ^,fi-i^phenylcinna77ionitrile,  (CgH5)^C  :  CH,;;^CN. — Concen- 
trated, aqueous  solution  of  potassium  hydroxide  was  added  to 
bromcyandiphenylpropionic  ester,  suspended  in  a  small  quantity 
■of  absolute  alcohol,  which  was  cooled  in  ice-water.  The  liquid 
immediately  became  yellow  and,  in  a  short  time,  a  mixture  of 
potassium  bromide  and  a  potassium  salt  of  an  organic  acid  be- 
gan to  crystallize.  After  the  mixture  had  stood  in  an  ice- 
chest  for  10  hours  it  was  poured  into  water.  This  dissolved 
the  salts,  but  left  a  considerable  quantity  of  oil,  which  was  re- 
moved by  ether. 

From  the  aqueous  solution  hydrochloric  acid  precipitated  a 
solid  that  contained  nitrogen,  but  was  free  from  bromine. 
The  acid  was  purified  by  recrystallization  from  a  mixture  of 
chloroform  and  ligroin.     Analysis  : 

0.1654  gram  substance  gave  0.4660  gram  CO^  and  0.0650 
gram  H,0. 

Calculated  for 

CieHiiOa.  Found. 

C  77.11  76.87 

Cyan<||phenylcinnamic  acid  is  readily  soluble  in  alcohol,  ether 
and  chloroform,  sparingly  so  in  ligroin  and  boiling  water.     It 
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crystallizes  in  needles,  melting  at  178°.  Above  190°  it  decom- 
poses, with  evolution  of  carbon  dioxide.  When  boiled  with 
alcoholic  potassium  hydroxide  part  is  transformed  into 
/3,/?-*phenylcinnamic  acid,  but  most  of  it  simply  loses  carbon 
dioxide  and  passes  into  Aphenylcinnamonitrile.  The  yield  of 
acid  is  poor — less  than  30  per  cent  of  the  calculated  amount. 

The  ethereal  extract,  on  evaporation,  left  an  oil  that  slowly 
solidified.  At  ordinary  temperatures  this  substance  always 
separated  from  solution  as  an  oil,  but  it  could  be  recrystallized 
by  dissolving  it  in  methyl  alcohol,  cooling  in  a  freezing-mix- 
ture and  adding  a  particle  of  the  solid.  It  was  thus  obtained 
in  long,  pale-yellow  needles,  melting  sharply  at  49°. 

0.2114  gram  substance  gave  0.6790  gram  CO^  and  0.1047 
gram  HjO. 

Calculated  for 

CijHnN.  Found. 

C  87.80  87.59 

H  5-36  5-50 

It  is  difl&cult  to  hydrolyze  the  nitrile.  No  acid  was  obtained 
by  boiling  it  with  alcoholic  potassium  hydroxide  for  8  hours. 
It  was,  therefore,  heated  at  135°,  for  8  hours,  with  this  re- 
agent ;  most  of  it  was  recovered  unchanged,  a  small  quantity 
decomposed  into  benzophenone,  carbon  dioxide  and  ammonia 
and  a  still  smaller  quantity — 5  per  cent — was  hydrolyzed  to 
/?,/5-diphenylpropionic  acid. 

Action  0/  Acetyl  Chloride  on  the  Addition-product . — A  solu- 
tion of  acetyl  chloride,  in  benzene,  was  added,  drop  b}'^  drop, 
to  the  magnesium  compound,  suspended  in  boiling  benzene. 
Each  drop  of  the  solution  produced  a  precipitate,  which  sepa- 
rated as  a  paste,  but  speedily  turned  into  a  hard,  granular 
solid.  It  soon  became  apparent  that  this  action  of  acetyl  chlo- 
ride is  quite  dififerent  from  that  of  acid  chlorides  on  the  mag- 
nesium compounds  that  have  been  studied  heretofore,  because 
only  half  as  much  chloride  reacted  as  in  previous  cases,  where 
I  molecule  of  chloride  was  required  for  every  atom  of  magne- 
sium present. 

As  soon  as  the  chloride  was  present  in  excess,  the  boiling 
liquid  was   filtered  through   glass  wool   and   the  precipitate 


» 


Calculated  for 
(CjHgOsNjoMg.aHoO. 

Found. 

45.60 

5-43 
6.62 

45-38 

5-64 
6.36 
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washed  thoroughly  with  boiling  benzene.  The  solid  insoluble 
in  benzene  was  an  organic  magnesium  compound  which  con- 
tained nitrogen  but  no  halogen.  It  was  slowly  decomposed  by 
boiling  aqueous  alcohol  and  did  not  crystallize  well  from  abso- 
lute alcohol.  It  was,  however,  obtained  in  pure,  well-defined 
crystals  by  diluting  ,the  solution,  in  boiling  absolute  alcohol, 
with  one-fifth  of  its  volume  of  hot  water  and  immediately 
chilling  the  liquid  in  a  freezing-mixture.  It  separated  very 
slowly  in  small,  shining  prisms.     Analysis : 

0.201 1  gram  substance  gave  0.3347  gram  CO^,  0.1022  gram 
HjO  and  0.0212  gram  MgO. 

C 
H 
Mg 

The  water  of  crystallization  could  not  be  determined  sepa- 
rately. The  substance  does  not  lose  in  weight  below  140°  and 
begins  to  change  color  above  this  temperature. 

When  the  compound  was  digested  with  dilute  hydrochloric 
acid,  the  magnesium  dissolved  as  chloride,  leaving  an  oil  that 
solidified  in  ice- water  and  then  melted  at  26°.  Analysis  indi- 
cated that  this  was  ethyl  cyanacetacetate : 

0.1601  gram  substance  gave  0.3170  gram  COj  and  0.0857 
gram  H^O. 

Calculated  for 

C7H9O3N.  Found. 

C  54-19  53-99 

H  5.81  5.94 

It  was  completely  identified  by  making  the  copper  salt  and 
comparing  this  with  a  known  specimen.  The  magnesium 
compound  is,  therefore,  ethyl  magnesium  cyanacetacetate. 

The  filtrate  from  the  preceding  substance  was  evaporated  on 
the  water-bath.  The  oily  residue  solidified  on  standing  and 
was  purified  by  recrystallization  from  a  mixture  of  chloroform 
and  alcohol.     Analyses: 

I.  0.1523  gram  substance  gave  0.4640  gram  CO2  and  0.0861 
gram  H,0. 
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II.  o.  1510  gram  substance  gave  0.4621  gram  COj  and  0.0840 
gram  H^O. 

III.  0.5478  gram  substance  gave   16.8  cc.   moist  N  at  26° 
and  752  mm. 

IV.  0.5600  gram  substance  gave  16.7  cc.  moist  N  at  25°  and 
755  mm. 


Calculated  for 
C81H27O2N,                   I 

Found. 
II.                III. 

IV. 

C             83.57            83. 
H               6.07               6. 

17 
28 

83-45           •     . 
6.25           .     . 

•     • 

N               3-15 

• 

.    •        3-45 

3-30 

The  molecular  weight  was  determined  in  boiling 

acetone : 

C  = 

17 10. 

Solvent.                       Substance. 
Grams.                          Grams. 

Rise  in                  Molecular 
boiling-point.               weight. 

51.25                         0.4387 
1.0310 

0.035 
0.087 

418 
381 

1.9030 

0.158 

409 

Calculated  for 
CsiHojOsN. 

Found, 

445 

403 

The  substance  is  readily  soluble  in  chloroform  and  in  boiling 
glacial  acetic  acid,  moderately  so  in  boiling  alcohol  and  ace- 
tone, very  slightly  in  cold  alcohol  and  in  ether.  It  melts  at 
156°  and  does  not  decompose  below  300°. 

Chemically,  the  substance  is  extremely  inert.  It  reacts 
neither  with  methylmagnesium  iodide  nor  with  phosphorus 
pentachloride,  therefore  contains  no  hydroxyl.  It  gives 
neither  an  oxime  nor  ahydrazone,  hence,  probably,  contains  no 
carbonyl  group.  It  does  not  combine  with  bromine,  does  not 
reduce  boiling  solution  of  potassium  permanganate  and  is  not 
reduced  by  zinc  and  acetic  acid.  It  dissolves  in  concentrated 
sulphuric  acid,  giving  a  yellow  color,  but  water  reprecipitates 
it.  It  is  very  slowly  decomposed  by  boiling  alcoholic  potassium 
hydroxide.  After  boiling  for  3  days  we  succeeded  in  isola- 
ting, from  the  product,  small  quantities  of  diphenylpropionic 
acid  and  benzhydrol  ether  ;  but  most  of  it  consisted  of  a  gum 
with  which  nothing  could  be  accomplished. 


Magnesium  Derivatives  and  Unsaturated  Compounds.  347 

A  much  cleaner  decomposition  was  obtained  by  heating  the 
substance  with  concentrated  hydrochloric  acid,  for  8  hours,  at 
225°.  There  was  considerable  pressure  in  the  tube,  the  gas 
consisted  of  carbon  dioxide  and  a  substance  that  burned  with  a 
green  flame,  possibly  ethyl  chloride.  The  other  products  were 
diluted  with  water  and  steam  distilled.  The  first  portion  of 
the  distillate  gave  iodoform  with  an  alkaline  solution  of  iodine, 
showing  that  the  substance  contains  an  ethoxyl  group.  A 
solid,  that  separated  from  the  distillate,  was  recrystallized  from 
alcohol.  Its  melting-point,  ni°,  composition  and  properties 
agreed  with  those  of  benzhydrol  ether  and  a  comparison  with 
a  specimen  made  from  benzhydrol  showed  that  the  two  were 
identical. 

The  residue  in  the  distilling-flask  was  extracted  with  ether 
and  the  ethereal  solution,  in  turn,  with  solution  of  sodium 
carbonate.  From  this  dilute  hydrochloric  acid  precipitated 
diphenylpropionic  acid.  The  ether,  on  evaporation,  left  only 
a  minute  quantity  of  highly  colored  oil.  The  aqueous  solution 
that  had  been  extracted  with  ether,  was  evaporated  to  dryness. 
The  residue  was  ammonium  chloride,  free  from  organic  matter, 
showing  that  there  is  no  alkyl  group  in  combination  with 
nitrogen. 

These  products  of  decomposition,  diphen^dpropionic  acid, 
benzhydrol  ether,  alcohol,  carbon  dioxide  and  ammonia  lead  to 
to  the  formula : 


/OCH(C,H,), 
(CeH,),CHC  :  C< 

CN 


The  formation  of  such  a  substance  can  be  understood  by  as- 
suming that  the  acid  chloride  first  replaces  the  diphenylmethyl 
group,  by  acetjd  and  that  the  resulting  diphenylchlormethane 
subsequently  reacts  with  a  second  molecule  of  the  magnesium 
compound  : 
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/OMgBr 
I.  (CjHJ.CHC  :  C<  +  CH3COCI     = 

I        \OC,H, 


CN 


/OMgBr 
CH3COC  :  C<;  +  (CsHJ.CHCl  ; 

CN 
OMgBr 


II.   (QH,),CHC  :  C<^  +  (CeH5),CHCl 

CN 


,OCH(QHJ, 


(CsH,),CHC  :  C<  +  MgClBr. 

\OC,H, 


I 

CN 


If  this  hypothesis  be  correct,  it  ought  to  be  possible  to  make 
the  same  substance  by  treating  the  magnesium  compound,  di- 
rectly, with  diphenylchlormethane.  This  experiment  was 
tried,  but  diphenylbrommethane  was  used  instead  of  the  chlo- 
rine compound,  because  the  latter  is  not  easily  prepared.  An 
ethereal  solution  of  diphenylbrommethane  (10  grams)  was 
added,  gradually,  tb  the  magnesium  compound  obtained  from 
I  gram  of  magnesium,  8  grams  of  brombenzene  and  7  grams  of 
ethyl  cyancinnamate.  The  mixture  was  boiled  for  ^  hour, 
then  poured  into  iced  hydrochloric  acid.  The  crystalline  solid 
that  separated  was  recrystallized  from  a  mixture  of  chloroform 
and  alcohol.  It  melted  at  156°  and  was,  in  every  respect,  like 
the  substance  described  above.  The  yield  was  excellent,  16 
grams  instead  of  18.3  grams  calculated.  This  method  of  syn- 
thesis leaves  no  doubt  as  to  the  structure  of  the  substances 
under  consideration.  It  also  furnishes  the  best  of  evidence 
that  the  reaction  between  unsaturated  esters  and  organic  mag- 
nesium compounds  really  consists  in  1,4-addition,  as  has  been 
assumed  in  all  the  papers  of  this  series. 

Further  evidence  as  to  the  mechanism  of  the  reaction  by 
which  the  compound,  m.  p.  156°,  was  formed,  was  obtained 
by  reversing  the  mode  of  procedure  and  adding  the  magne- 
sium compound  to  excess  of  the  acidic  chloride.     According  to 


Magnesium  Derivatives  and  Unsaturated  Compounds.  349 

the  hypothesis  made  above,  all  of  the  magnesium  compound 
should,  under  these  conditions,  be  transformed  into  magnesium 
ethyl  cyanacetoacetate.  This  was  found  to  be  the  case.  A 
suspension  of  the  magnesium  compound,  obtained  in  the  usual 
way  and  containing  2.5  grams  of  metal,  was  siphoned  into  a 
dry  benzene  solution  of  acetyl  chloride  (12  grams).  The  solid 
that  separated  was  filtered  and  recrystallized  as  before.  It 
was  magnesium  cyanacetoacetic  ester.  The  filtrate  did  not 
contain  a  trace  of  the  substance  melting  at  156°.  After  evapo- 
rating the  ether  and  benzene  in  a  draught,  the  residue  was 
poured  into  boiling  water.  The  resulting  solid  was  benzhy- 
drol  ether,  probably  formed  by  the  action  of  water  on  di- 
phenylchlormethane. 

Reaction  betzveen  the  Magnesium  Compound  and  Benzoyl 
Chloride. — The  reaction  was  carried  out  like  that  with  acetyl 
chloride.  Ethyl  magnesium  cyanbenzoylacetate  separated  as 
a  paste,  that  gradually  became  granular.  The  substance  is 
readily  soluble  in  aqueous  alcohol,  from  which  it  crystallizes 
in  long,  silky  needles  containing  water  of  crystallization. 
When  the  recrystallized  salt  was  digested  with  dilute  hydro- 
chloric acid,  until  all  the  magnesium  had  dissolved,  there  re- 
mained an  oil  that  solidified  on  cooling.  It  was  recrystallized 
from  a  mixture  of  ether  and  ligroin  and  melted  at  46° — the 
melting-point  of  ethyl  cyanbenzoylacetate.  It  gave  a  beauti- 
ful green  copper  salt  with  copper  acetate  and  sodium  hydrox- 
ide. 

The  filtrate  from  ethyl  magnesium  cyanbenzoylacetate  con- 
tained only  the  substance  melting  at  156°.  The  amount  cor- 
responded, almost  exactly,  to  half  the  ethyl  cyancinnamate 
used.  21.5  grams  instead  of  22.3  grams,  from  20  grams  of 
ethyl  cyancinnamate.  The  experiment  was  also  carried  out 
in  the  opposite  way — the  magnesium  compound  being  siphoned 
into  excess  of  the  acidic  chloride.  The  only  products  were  ethyl 
magnesium  cyanbenzoyl  acetate  and  benzhydrol  ether. 
Reaction  with  a-Naphthylmagnesium,  Bromide. 

Ethyl  a-  Cyan- /3 , ^-naphthylphenylpropionate , 

)>CHCHC0jC,H5. — The  mode  of  procedure  was  the  same 

CeH/  I 

CN 
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as  that  adopted  for  phenylmagnesium  bromide.     The  ester  was 
purified  by  recrystallization  from  alcohol. 

0.1786  gram  substance  gave  0.5244  gram  COj  and  0.0977 
gram  H,0. 


Calculated  for 
CojHieOsN. 

Found. 

c 

80.24 

80.07 

H 

5-77 

6.07 

The  ester  is  readily  soluble  in  chloroform  and  ethyl  acetate, 
moderately  so  in  boiling  alcohol  and  acetone,  slightly  in  ether. 
It  crystallizes  from  alcohol  in  aggregates  of  minute  plates, 
melting  at  132°. 

Naphthylphenylmethylmalonic  Monamide, 

^CHCH<^  . — The  ester  was  boiled  with  alcoholic 

potassium  hydroxide  for  two  hours.  The  alcohol  was  evapo- 
rated, the  residue  dissolved  in  water  and  the  solution  ex- 
tracted with  ether,  to  remove  a  small  quantity  of  colored  prod- 
ucts. The  solid,  precipitated  by  acidifying  the  extracted  solu- 
tion, was  colorless,  but  only  partly  soluble  in  sodium  carbonate. 
Like  the  corresponding  phenyl  compound,  the  acid  loses  car- 
bon dioxide  when  it  is  liberated  from  its  salts.  The  product, 
obtained  by  recrystallizing  the  precipitated  acid  from  alcohol, 
also  contained  some  naphthylphenylpropionamide,  but,  by  ex- 
tracting it  repeatedly  with  small  quantities  of  boiling  absolute 
alcohol  and  drying  the  residue  at  the  ordinary  temperature,  the 
pure  acid  was  obtained.  It  then  gave  a  perfectly  clear  solu- 
tion in  sodium  carbonate.     Analysis  : 

0.1468  gram  substance  gave  0.3806  gram  CO^  and  0.0726 
gram  H^O. 


Calculated  for 
CjoHivOaN. 

Found. 

c 

70.50 

70.70 

H 

5-33 

5-49 

When  the  acid  is  heated  rapidly,  in  a  capillary  tube,  it  melts 
and  decomposes  at  i7o''-i8o°  ;  heated  slowly,  in  an  open  ves- 
sel, it  begins  to  lose  carbon  dioxide  below  135°.  In  alkaline 
solution  it  has  scarcely  any  action  on  boiling  potassium  per- 
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manganate  solution  ;  in  acid  solution  the  permanganate  is  re- 
duced rapidly.  A  quantity  of  the  substance  was  oxidized  by 
suspending  it  in  water,  that  was  kept  at  the  boiling-point  by  a 
rapid  current  of  steam  and  adding  acid  solution  of  perman- 
ganate. The  steam  carried  over  an  oil  that  solidified  in  the 
condenser.  After  crystallization  from  aqueous  alcohol,  the 
solid  melted  at  75°.  As  it  gave  a  sublimate  of  naphthalene, 
when  heated  with  soda  lime,  it  was  a-naphthophenone, 

CeHjv  /CO2H 

>CHCH,<  +70     = 

CeH,COC,„H,  +  3CO,  +  3H,0  +  N. 
Reaction  with  Methylmagnesium  Iodide. 
Ethyl  a-Cyan-^-phenylbutyrate,  CH3CH  CH^COjC^H^.— The 

QH,  CN 
substances  were  brought  together  in  cold ,  ethereal  solution .  The 
product,  isolated  in  the  usual  way,  was  an  oil  which  could  not 
be  induced  to  solidify.  Five  grams  of  it  were  suspended  in 
dilute  solution  of  sodium  carbonate  and  treated  with  solution 
of  potassium  permanganate,  as  long  as  reduction  took  place  in 
the  cold.  After  dissolving  the  oxides  of  manganese  with  sul- 
phur dioxide,  a  current  of  steam  was  passed  through  the 
liquid.  An  oil  having  the  odor  of  acetophenone  passed  over. 
It  was  extracted  with  ether,  the  ether  evaporated  and  the  resi- 
due treated  with  benzaldehyde  and  a  few  drops  of  alcoholic 
sodium  hydroxide.  Benzalacetophenone,  identified  by  com- 
parison with  a  specimen  from  other  sources,  crystallized  from 
the  mixture. 

As  the  oil  gave  acetophenone  on  oxidation,  it  was  evident 
that  ethyl  cyancinnamate,  unlike  the  esters  described  in  previous 
papers,  does  not  give  a  tertiary  alcohol  when  it  reacts  with 
methylmagnesium  iodide.  The  product  must  be  a  ketone  or 
an  ester  : 

'\cHCHCOCH3  or       '    'NcHCHCO.OCjH^ 
CH3/         I  CH3/         I 

CN  CN 

I.  II. 
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An  alcoholic  solution  of  the  oil  was  allowed  to  stand  with 
benzaldehyde  and  sodium  alcoholate,  but  it  gave  no  unsatura- 
ted ketone.  The  oil,  therefore,  does  not  contain  the  ketone 
represented  by  I. 

A  small  quantity  of  it  was  boiled  with  concentrated,  aqueous 
potassium  h5'droxide  and  the  distillate  collected  in  solution  of 
potassium  carbonate,  containing  iodine.  Iodoform  was  formed, 
showing  that  the  oil  contains  an  ester,  as  represented  by  II. 

a-Cyan-P-phenylbutyric  Acid,  CH3CH    CHCO^H.  —  Concen- 

C,H,CN 
trated,  aqueons  potassium  hydroxide  was  added,  in  small  quan- 
tities, to  an  alcoholic  solution  of  the  oil,  until  the  mixture  re- 
mained alkaline  after  standing  for  several  hours.  On  cooling 
in  a  freezing-mixture  a  potassium  salt  separated,  in  colorless 
crystals.  This  was  filtered,  washed  with  absolute  alcohol  and 
dissolved  in  a  small  quantity  of  water.  From  the  solution,  hy- 
drochloric acid  precipitated  cyanphenjdbutyric  acid,  as  an  oil 
that  solidified  on  standing  in  contact  with  the  acid  liquid.  It 
was  dried  and  dissolved  in  chloroform,  from  which  it  crystal- 
lizes in  compact,  colorless  prisms,  melting  at  130°,    Analyses  : 

I.  0.1625  gram  substance  gave  0.4158  gram  CO^  and  0.0860 
gram  H^O. 

II.  0.1683  gram  substance  gave  0.4310  gram  COj  and 
0.0891  gram  H^O. 


Calculated  for 

Found. 

C11H13O2N. 

I. 

II. 

c 

69.82 

69.78 

69.86 

H 

5-8o 

5.88 

5.88 

The  acid  has  a  pronounced  tendency  to  separate  from  solu- 
tion as  an  oil.  It  is  readily  soluble  in  alcohol,  ether  and  chlo- 
roform, sparingly  so  in  ligroin.  It  loses  carbon  dioxide  when 
heated  at  180°. 


Methylphenylmethylmalo7iic  Mo7iamide, 
C,H,.  /COOH 

^CHCHiT^  . — The  potassium  salt  of  this  acid  was 

CH3/  ^CONH, 

obtained  when  ethyl  cyanphenylbutyrate,  or  the  corresponding 
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acid,  was  boiled  for  several  hours  with  alcoholic  potassiuta  hy- 
droxide. It  was  purified  by  recrystallization  from  aqueous 
alcohol. 

0.1477  gram  substance  gave  0.3456  gram  CO^  and  0.0860 
gram  HjO. 

Calculated  for 
CiiHigOsN.  Found. 

L  C  63.84  63.82 

H  6.28  6.46 

The  acid  crystallizes  in  coarse  needles  and  melts,  with  de- 
composition, at  172°. 

^-Phe7iylbutyramide,  CHgCHCCgHJCH^CONH,,  was  ob- 
tained by  heating  the  preceding  acid,  at  180°,  until  evolution  of 
carbon  dioxide  ceased.  The  residue  solidified  on  cooling.  It 
was  deposited  from  very  dilute  alcohol  in  fine,  white  needles. 

0.1534  gram  substance  gave  0.4128  gram  COj  and  0.1106 
gram  H^O. 

Calculated  for 
C10H13ON.  Found. 

C  73-62  73.58 

H  7.97  8.05 

The  amide  is  very  soluble  in  alcohol  and  ether,  slightly  so 
in  ligroin  and  in  boiling  water.     It  melts  at  105°. 

^-Phenylbutyric  Acid,  CH3CH(C,H5)CH,CO,H.  —  Phenyl- 
butyramide,  like  diphenylpropionamide,  is  hydrolyzed  with 
the  greatest  diflSculty.  In  order  to  get  a  substance  that  was 
free  from  nitrogen  it  was  necessary  to  boil  the  amide  with  con- 
centrated potassium  hydroxide  for  2  da5^s.  The  product  was 
isolated  in  the  usual  way,  but  it  invariably  separated  from 
solution  as  an  oil,  that  remained  liquid  in  a  freezing-mixture. 
It  was,  therefore,  converted  into  the  sodium  salt,  which  was 
recrystallized  from  boiling  alcohol,  in  which  it  is  moderately 
soluble  ;  on  cooling  it  separates  in  minute  plates,  containing 
water  of  crystallization.     Analyses  : 

I.  0.2262  gram  salt  lost  0.0202  gram  H^O  at  150°. 

II.  0.2276  gram  salt  gave  0.0783  gram  Na^SO^. 

Calculated  for  Found. 

CioHiiOaNa.  I.  II. 

•    HjO  11.27  II. 17  .    . 

Na  8.84  .    .  8.93 
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Reaction  with  Benzylmagnesium  Chloride. — The  reaction  was 
carried  out  at  low  temperatures,  but  the  product  was  far  from 
homogeneous.  This  was  probably  due,  largely,  to  the  fact 
that  a  number  of  substances  are  formed  when  magnesium  is 
dissolved  in  ethereal  solution  of  benzyl  chloride.  The  oily 
product  was  suspended  in  water  and  distilled  with  steam, 
which  removed  some  toluene  and  a  considerable  quantity  of 
dibenzyl.  The  residue  was  again  extracted  with  ether,  the 
ethereal  solution  dried  over  sodium  sulphate  and  the  ether  al- 
lowed to  evaporate  at  a  low  temperature.  As  the  product 
again  separated  as  an  oil  it  was  hydrolyzed  without  further 
purification, 

)8, y-Diphenylethylmalonic  Monamide, 

CeH.CH,.  /CO,H 

^CHCH<(^  .—The  oily  ester  was  boiled  with 

QH/  \CONH, 

alcoholic  potassium  hydroxide  for  several  hours,  the  resulting 
acid  isolated  in  the  usual  way  and  purified  by  recrystallization 
from  aqueous  alcohol.     Analysis  : 

0.1575  gram  substance  gave  0.4144  gram  CO^  and  0.0750 
gram  H^O. 

Calculated  for 
C17H17O3N.  Found. 

C  72.08  71.88 

H  6.00  5.89 

The  substance  is  readily  soluble  in  alcohol  and  ether,  spar- 
ingly so  in  boiling  water.  It  crystallizes  from  aqueous  alcohol 
in  very  fine  needles.  When  heated  rapidly  it  melts,  with  de- 
composition, at  about  182°  ;  heated  slowly  it  loses  carbon  di- 
oxide and  melts  at  a  much  lower  temperature. 

The  acid  rapidly  reduced  acid  potassium  permanganate  solu- 
tion. A  current  of  steam  that  was  passed  through  the  liquid 
carried  over  an  oil,  which  solidified  in  the  receiver.  After  re- 
crystallization  from  aqueous  alcohol  it  melted  at  60°  and  was 
identified  as  desoxybenzoine,  by  comparison  with  a  specimen 
made  from  benzyl.  These  results  prove  that  benzylmagnesium 
chloride  and  ethyl  cyancinnamate  yield  ethyl  a-cyan-/8,/3- 
phenylbenzylpropionate. 
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^-y-Diphenylbutyramide,  CH,(CeH5)CH(CeH5)CH,CONH,. 
— The  acid  described  above  was  heated  at  185°,  until  carbon 
dioxide  ceased  to  be  evolved.  The  residue  ultimately  solidi- 
fied, when  allowed  to  stand  in  contact  with  ligroin.  It  almost 
invariably  separates  from  solution  as  an  oil,  that  solidifies  very 
slowly  on  standing  in  contact  with  some  of  the  solid.  It  can, 
however,  be  recrystallized  by  dissolving  it  in  cold  water  con- 
taining a  small  quantity  of  alcohol  and  allowing  this  solution 
to  evaporate.  It  separates  in  long,  thick  needles,  melting  at 
62°. 

0.1441  gram  substance  gave  0.4231  gram  COj  and  0.0934 
gram  HjO. 

Calculated  for 
CjeHi-ON.  Found. 

C  80.33  80.07 

H  7.10  7.20 

Reaction  with  Isopropylmagnesium  Bromide. 

Ethyl  a-  Cya?i-/3-phenyl-y,  y-di^nethy/dutyrate, 
CH3. 

>CHCH(C6H5)CH(CN)CO,C2H5.— The  reaction  was  car- 

cu/ 

ried  out  in  the  cold.  The  product,  treated  in  the  usual  way, 
gave  an  oil.  The  hydrocarbons  were  removed  by  steam  dis- 
tillation and  residue  boiled,  for  2  hours,  with  alcoholic  potas- 
sium hydroxide.  After  evaporating  the  alcohol,  the  solid  ob- 
tained was  completely  soluble  in  water,  showing  that  the  orig- 
inal product  contained  neither  ketone  nor  tertiary  alcohol. 
From  the  aqueous  solution  hydrochloric  acid  precipitated  an 
oil,  that  solidified  on  standing  in  contact  with  the  acid  solution. 
It  was  recrystallized  from  dilute  aqueous  alcohol  and  deposited 
in  fine  needles. 

0.1720  gram  substance  gave  0.4190  gram  COj  and  0.1121 
gram  H^O. 


Calculated  for 

C13H19O3N. 

Found. 

c 

66.38 

66.43 

H 

7-23 

7.24 

When  heated  rapidly,  in  a  capillary  tube,  it  melts,  with  de- 
composition, at  176°. 
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Reaction  with  Phenylacetylenemagnesium  Bromide. 

W^    c,H,c  ;  c.  \^pe/.i^-^'e 

J)CHCHCOOC2H5.— A  solution  of  the  magnesium 
C  H  /  I 

CN 
compound  was  prepared  as  follows  :  Five  grams  of  magnesium 
were  dissolved  in  25  grams  of  ethyl  bromide  and  100  cc.  of 
ether.  Twenty  grams  of  phenylacetylene  were  added  and  the 
mixture  boiled,  with  an  inverted  condenser,  until  there  was  no 
further  evolution  of  ethane. 

Ethereal  solution  of  ethyl  cyancinnamate  was  added  to  the 
cold  solution  of  the  magnesium  compound,  as  long  as  the  yel- 
low precipitate  that  first  formed  redissolved  on  vigorous  shaking. 
The  addition-product  separated  as  a  stiff,  colorless  paste. 
When  this  was  poured  into  iced  hydrochloric  acid  a  considera- 
ble quantity  of  crystalline  ester  separated.  The  remainder 
was  obtained  by  separating  and  evaporating  the  ethereal  layer. 
The  yield  was  excellent.  The  ester  was  purified  by  re- 
crystallization  from  alcohol.     Analysis  : 

0.1557  gram  substance  gave  0.4500  gram  COj  and  0.0810 
gram  H^O. 

Calculated  for 

CjjoHiyOsN.  Found. 

C  79.20  78.81 

H  5-6i  5.78 

The  ester  crystallizes  in  colorless  needles,  melting  at  80°. 
It  is  readily  soluble  in  boiling  alcohol,  moderately  so  in  cold 
alcohol  and  in  ether. 

Chemical  Laboratory, 
Bryn  Mawr  College, 
December,  1904. 


CAMPHORIC  ACID. 
[fourteenth  paper.] 

By  William  A.  Noyes. 

Derivatives  of  Trimethylparaconic  Acid, 

Some  time  ago  Dr.  Patterson  and  I  reported  a   synthesis  of 
trimethylparaconic  acid,' 

1  This  Journal,  28,  ^8. 


Camphoric  Acid.  357 

CH3. 

>C— CO 

CH3/  \q 

CH3— C— CH,, 

I 
CO,H 

At  the  time  it  was  hoped  that,  from  this,  it  would  be  easy  to 
obtain  ethyl  bromtetramethylsuccinnate, 

CH3V 

y  c— co,c,H, 

CH/ 


CH3^ 


/C-CO,C,H, 
CH.Br/ 

from  which  compound,  by  condensation  with  malonic  ester, 
followed  by  saponification  of  the  resulting  product  and  the  loss 
of  carbon  dioxide  by  the  acid  formed,  it  should  be  a  simple 
matter  to  prepare  the  inactive  homocamphoronic  acid, 

CHgV 

>C— CO,H 
CH3— C— CO,H 

I 

CH— CH,CO,H 

corresponding  to  the  active  acid  of  Forster  and  Lapworth/ 

The  beautiful  synthesis  of  camphoric  acid  by  Komppa^  has 
deprived  the  contemplated  synthesis  of  much  of  its  interest, 
but  it  has  seemed,  nevertheless,  worth  while  to  continue  the 
work.  Unexpected  difficulties  were  encountered,  however,  in 
the  first  step  outlined  above  and  it  is,  as  yet,  very  uncertain  if 
the  way  to  overcome  these  has  been  discovered,  although  a 
large  amount  of  time  has  been  spent  on  the  problem.  The 
fact  that  I  cannot,  personally,  continue  the  work^  makes  it  de- 

1  J.  Chem.  Soc,  75,  9S6. 
-  Ber.  d.  chem.  Ges.,  46,  4.332. 

3  Through  the  aid  of  the  Carnegie  Institution,  Dr.  H.  W.  Doughty  will  pursue  the 
investigation  in  conjunction  with  me. 
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sirable  to  give  an  account  of  what  has  already  been  accom- 
plished. 

Preparation  of  Ethyl  Dimethylcyansuccinnate. — Bone  and 
Sprankling^  advise  the  use  of  a  pressure-bottle  in  the  conden- 
sation of  ethyl  bromisobutyrate  with  ethyl  cyanacetate.  I 
have  found  that,  by  using  a  more  concentrated  solution  of 
sodium  ethylate,  even  better  yields  than  they  record  can  be 
obtained,  at  atmospheric  pressure.  Twenty-two  grams  of 
sodium  were  dissolved  in  230  cc.  of  absolute  alcohol,  by  boil- 
ing for  some  time  with  an  upright  condenser  ;  109  grams  of 
ethyl  cyanacetate  and  188  grams  of  ethyl  bromisobutyrate 
were  added  and  the  mixture  was  heated  5-6  hours  in  a  boiling 
water-bath.  This  gave  157  grams,  or  72  per  cent  of  the 
theory,  of  ethyl  dimethylcyansuccinate,  boiling  at  150°-!  70°,  un- 
der low  pressure.  The  conversion  to  ethyl  trimethylcyansuc- 
cinate  and  saponification  to  trimethylsuccinic  acid  were  carried 
out  essentially  as  described  by  Bone  and  Sprankling.^ 

Preparation  of  Trimethylparaconic  Acid. — The  methods  de- 
scribed by  Dr.  Patterson  and  myself  have  been  somewhat 
modified,  as  the  result  of  further  experience.  Thirty-five 
grams  of  sodium  trimethylsuccinnate,  dried  at  i50°-i75°,  were 
finely  powdered  and  added  to  6.5  grams  of  trioxymethylene, 
prepared  by  evaporating  a  40  per  cent  solution  of  formaldehyde  on 
the  water-bath  and  drying  the  residue  in  a  vacuum  desiccator. 
This  mixture  was  introduced  into  a  sealing-tube,  in  portions  of 
4  grams,  with  alternate  portions  of  2.6  cc.  of  freshly  distilled 
acetic  anhydride.  The  tube  was  heated  at  i8o°-2oo°,  for 
6-7  hours,  or  till  the  contents  were  completely  fluid 
while  hot.  After  cooling,  the  tube  opened  with  slight  pres- 
sure. The  mixture  again  liquefied  on  warming  and  was  dis- 
solved in  300  cc.  of  hot  water.  After  standing  over  night,  the 
solution  was  filtered  from  tarry  matters  and  the  filtrate  con- 
centrated to  about  100  cc.  On  the  addition  of  60  cc.  of  con- 
centrated hydrochloric  acid,  the  larger  part  of  the  trimethyl- 
paraconic acid  was   precipitated   and  was   nearly   pure,  after 

»  J.  Chem.  Soc,  75,  854. 
2  Loc.  cit. 
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washing  till  free  from  sodium  chloride.  A  few  grams  of  the 
acid  may  be  obtained  from  the  filtrate  by  extraction  with  ether. 
The  total  yield  may  be  from  85-90  per  cent  of  the  theory,  or 
just  about  equal  to  the  weight  of  the  trimethylsuccinic  acid 
used.  The  acid  is  purified  by  crystallizing  from  water.  It 
melts  at  270°  (cor.). 

The  preparation  of  the  sodium  and  silver  salts  of  triraethyl- 
itamahc  acid,  ^C — CO^H,    was  described  by  Dr.  Patter- 

ch/ 


CH3— C— CO,H 

CH.OH 

son  and  myself.  By  treatment  of  the  latter  with  ethyl  iodide, 
we  obtained  what  was  probably  the  diethyl  ester  of  trimethyl- 
itamalic  acid.  This  was,  however,  a  viscous  oil,  which  could 
not  be  purified  and  its  composition  differs  so  little  from  that  of 
the  ethyl  ester  of  trimethylparaconic  acid  that  an  analysis  was 
considered  useless.  When  this  ester  was  treated  with  phos- 
phorus tribromide  a  product,  nearly  free  from  bromine,  was 
obtained,  which  consisted  chiefly  of  e^kyl  triviethylparaconate . 
This  was  prepared,  later,  in  a  number  of  different  ways.  When 
pure  it  crystallizes  in  needles,  melting  at  34°-35°  and  boiling 
at  i5o°-i52°  (23  mm.). 

Trimethylparaconyl  Chloride,  yQ, — CO  is   easily 


CH 

CH3— C— CH 
COCl 


>• 


prepared  by  warming  the  acid  gently  with  phosphorus  penta- 
chloride  and  volatilizing  the  phosphorus  oxychloride  under  low 
pressure.  The  chloride  may  also  be  distilled  under  diminished 
pressure,  if  care  be  taken  to  prevent  its  solidification  in  the 
exit-tube.  After  crystallizing  from  dry  ether  it  melts  at  139°- 
140°  and  decomposes,  only  slowly,  in  contact  with  water. 
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CH3. 
The  amide,  pC — CO  was  prepared  by  pouring  an 

CH3— C— CH, 

CONH, 
ethereal  solution  of  the  chloride  into  10  per  cent  ammonia.  It 
is  very  difficultly  soluble  in  water,  alcohol,  ether  or  benzene. 
When  prepared  as  stated  it  melts  at  24i°-243°.  After  crys- 
tallizing from  water  or  alcohol  the  melting-point  is  lower, 
probably  because  of  partial  hj'drolysis.  Anal5'sis  gave  8.25 
per  cent  N.     Calculated,  8.19  per  cent. 

CH3. 
Barium  Trimethyhtamalate ,  yQ — CO^  is  rapidly 


CH 

CH,— C— CO 


^Ba, 


CH,OH 
formed  when  trimethylparaconic  acid  is  heated  with  an  excess 
of  barium  hydroxide  solution.  It  is  difficultly  soluble,  100 
parts  of  water  dissolving,  approximately,  0.55  gram  of  the  salt. 
The  air-dried  salt  lost  only  a  trifling  amount  in  weight  at  140°. 
Analysis  gave  42.04  per  cent  Ba.     Calculated,  42.22  per  cent. 

Trim,ethyiparaconic  anhydride  and  acetyl  trimethylitam,alic 
anhydride  will  be  described  below. 

Having  failed  in  the  preparation  of  ethyl  bromtetramethyl 
succinnate  (see  above)  an  attempt  was  made  to  secure  a  bro- 
mine derivative  by  heating  trimethylparaconyl  chloride  with  i 
molecule  of  bromine,  in  sealed  tubes.  At  ioo°-i2o°  the  action 
of  the  bromine  was  very  slow  indeed,  while  at  temperatures 
above  140°  the  material  was  soon  carbonized.  After  many 
trials  the  only  product  obtained  was  the  bromide, 

CH3. 

>C— CO 
CH/ 


CH3— C— CH, 
COBr 


>• 
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This  is  diflScultly  soluble  in  ether  and  melts  at  125°,  after  crys- 
tallizing from  that  medium.  Analysis  gave  34.08  and  34.06 
per  cent  bromine.     Calculated,  34.04  per  cent. 

When  2.5  grams  of  the  bromide  were  heated  with  2  cc.  of 
absolute  alcohol,  at  a  temperature  raised  gradually  to  230°, 
during  3  hours,  about  1.2  grams  of  ethyl  trimethylpara- 
conate  and  a  considerable  quantity  of  regenerated  acid  were 
obtained.  It  had  been  hoped  that  ethyl  bromtetramethylsuc- 
cinnate  might  be  formed,  by  a  reaction  similar  to  that  which 
takes  place  so  readily  with  other  lactones. 

CH3V 
oc^a-Dimethyl-^-methylenebutyrolactone,  yC — CO         . — 


CH 
CH,=C— CH 


> 


It  was  thought  possible  that  ethyl  trimethylhydroxyadipate 

CH3V 
lactone,  ^C — CO  might    be   obtained   by   the 

CH/ 


\o. 


C— CH, 


CH,CH,CO,C,H 


electrolysis  of  a  mixture  of  potassium  trimethylparaconate  and 
potassium  ethyl  succinate,  by  the  method  which  Crum  Brown 
and  Walker  used  so  successfully  in  the  preparation  of  ethyl 
adipate.  When  electrolyzed  with  a  diaphragm,  the  chief 
product  was  regenerated  trimethylparaconic  acid.  When  elec- 
trolyzed in  a  platinum  crucible,  without  a  diaphragm,  using  a 
current  of  4  amperes  and  9-10  volts,  for  4  hours,  a  mixture  of 
esters  was  obtained.  This  contained,  of  course,  a  considera- 
ble amount  of  ethyl  adipate.  A  small  quantity  of  higher  boil- 
ing products  was  also  formed,  but  no  definite  compound  was 
separated  from  these.  There  was  produced,  however,  a  small 
quantity  of  dimethylmethylene  butyrolactone.  This  com- 
pound is  an  oil,  difl&cultly  soluble  in  water  and  volatile  with 
steam.     An  alkaline  solution  decolorizes  potassium  perman- 
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ganate  instantly,  indicating  the  unsaturated  character  of  the 
compound. 

The  silver  saltoi  the  corresponding  hydroxy  acid, 

>C-CO,Ag 
CH3/ 

CH,=C— CH,OH 

crystallizes  in  needles,  which  are  difl&cultly  soluble  in  cold 
water.  Analysis  gave  43.34  per  cent  Ag.  Calculated,  43.03 
per  cent. 

CH3. 

a,a,li-Tnmethylbutyrolactone,  yC CO         — It  was 

CH3/    I  \ 

I        z^- 

CH3— CH— CH, 
hoped  that  the  reduction  of  ethyltrimethylparaconate  by  sodium 
and  absolute  alcohoP  might  give  the  compound 


CH3. 

>C— CO 

ch/ 


>■ 


CH3— C— CH, 

CH.OH 

which  could,  doubtless,  be  used  for  the  synthesis  desired. 
The  only  definite  product  that  could  be  isolated,  after  reduc- 
tion, was  «a,y8-trimethylbutyrolactone.  Approximately  4 
grams  of  this  were  obtained  from  22  grams  of  the  ester.  It  is 
a  solid,  which  melts  at  37"  and  boils  at  2ii°-2i2°,     Analysis  : 


Calculated  for 

C7H12O2. 

Fond. 

c 

65.63 

65.36 

H 

9-37 

9.56 

The  silver  salt  of  the  corresponding  hydroxy  acid  gave  :  Ag 
42.89  per  cent.     Calculated,  42.68  per  cent. 

1  Bouvealt :  Compt.  rend.,  136,  1676  ;  137,  60. 


Camphoric  Acid.  363 

Ethyl  Trimethylparaconylmalonate, 
CH3. 

>C— CO 

CH3 — C — CHj  . — This  compound  was  prepared  in 

/CO,C,H, 
CO— CH< 

^CO,C,H, 
the  hope   that,  by  the   reduction  of  the  carbonyl  group  to 
methylene,  the  product  could  be  utilized  for  the  desired  syn- 
thesis. 

Two  and  three-tenths  grams  of  sodium  were  finely  divided, 
by  melting  in  xylene  and  shaking  vigorously.  After  pouring 
off  the  xylene  and  rinsing  with  ether,  250  cc.  of  absolute  ether 
and  17  grams  of  pure  ethyl  malonate^  were  added  and  the  mix- 
ture boiled  with  an  upright  condenser,  for  some  hours,  till  the 
conversion  of  the  malonic  ester  to  the  sodium  salt  seemed  com- 
plete, 18.8  grams  of  trimethylparaconyl  chloride  were  added 
and  the  mixture  boiled  again  for  8  hours  and  allowed  to  stand 
over  night.  On  adding  dilute  hydrochloric  acid,  about  6 
grams  of  a  substance  remained,  which  was  nearly  insoluble  in 
ether.     This  proved  to  be  ethyl  ditrimethylparaconylmalonate, 

CH3. 

>C— CO  \        CO,C,H. 

ch/ 


CH,— C— CH,  /        CO,C,H, 


> 


co- 
lt is  deposited  from  alcohol  in  small,  compact  crystals,  which 


at  162' 

-163°.     Anal 

ysis  : 

c 

H 

Calculated  for 
CaaHaaO?. 

59-05 
6.84 

I. 

57-64 
6.66 

Found. 
II. 

58.09 

6.73 

III. 
58.77 

By  distilling  the  residue  from  the  ethereal  solution,  there 
were  obtained  12.5  grams  of  an  oil,  which  boiled  at  25o°-255° 
(60  mm.),     This  was  ethyl  trimethylparaconylmalonate.     An 

1  See  J.  Am.  Chem.  See,  23,  397. 
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alcoholic  solution  of  it  gives  a  deep  red  color  with  ferric  chlo- 
ride. It  is  soluble  iu  dilute  sodium  hydroxide  solution,  while 
a  more  concentrated  one  converts  it  into  a  difficultly  soluble 
sodium  salt.     Analysis  : 

Calculated  for  Found. 

ClsHooO;.  I.  II. 

C  57-32  57-11  56.33 

H  7.01  6.87  7.02 

Attempts  to  reduce  the  ester,  by  shaking  it  with  water  and 
with  3  per  cent  sodium  amalgam,  appeared  to  be  partially  suc- 
cessful, but  definite  reduction-products  were  not  secured. 

Acetyl  Trimethylitamalic  Ajihydride, 

CH3. 

NC— CO 


CH 


/ 


\o 

y/      . — When    barium    trimethylitamalate,    de- 
CH,— C— CO 

i 
CH,OC2H30 

scribed  on  p.  360,  is  boiled  for  half  an  hour  with  acetic  anhy- 
dride, there  is  formed  triraethylparaconic  anhydride  and  acetyl 
trimethylitamalic  anhydride.  Sixty  grams  of  the  barium  salt 
gave  about  27  grams  of  the  anhydride  and  12.5  grams  of  its 
acetyl  derivative.  By  means  of  a  Gooch  crucible,  with  a  disk 
of  hardened  filter-paper,  the  solution  of  these  substances  in 
acetic  anhydride  was  filtered  from  the  barium  acetate.  The 
acetic  anhydride  was  distilled  under  diminished  pressure  and 
some  dry  ether  was  added  to  the  residue.  This  caused  the 
anhydride,  which  is  nearly  insoluble  in  ether,  to  separate 
slowly.  A  little  acetic  anhydride  was  added  to  the  ethereal 
mother-liquors  and,  after  distilling  away  the  ether,  the  residue 
was  distilled  under  diminished  pressure,  giving  the  acetyl  de- 
rivative. 


Trimeihylparaconic     anhydride^ 
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separates  in  small,  granular  crystals,  which  melt  at  i54°-i55°. 
The  compound  may  also  be  obtained  by  boiling  trimethylpara- 
conic  acid  with  acetic  anhydride.     Analysis  : 

Calculated  for  Found. 

CicHjoOj.  I.  II. 

C  58.86  58.24  59.30 

H  6.80  6.91  6.92 

Acetyl  trimethylitamalic  anhydride,  obtained  as  described 
above,  is  an  oil  which  boils  at  i85°-i95°  (20  mm.).  Analy- 
sis: 

Calculated  for  Found. 

CioHhOs-  I.  II- 

C  56.05  55.55  56.02 

H  6.59  6.73  6.71 

An  attempt  to  prepare  chlortetramethylsuccinic  anhydride, 
CHjv 

>C— CO 
CH3/  \ 

O,  by  treating  sodium  or  barium  trimethyl- 
CH3.  / 

>C— CO 
CH,CK 
paraconate  with  phosphorus  pentachloride  was  not  successful. 

The  study  of  the  acetyl  derivative  and  an  attempt  to  effect 
the  desired  synthesis  with  its  aid  will  be  continued. 

Johns  Hopkins  University. 
June,  1904. 
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CXXI.— SYNTHESIS  OF  lODGORGOIC  ACID. 

By  Henry  I,.  Wheeler  and  George  S.  Jamieson. 

The  name  gorgonin  was  applied  by  Drechsel^  to  the  dark- 
brown,  horn-like  substance,  containing  as  much  as  7.89  per 
cent  of  iodine,^  composing  the  axial  skeleton  of  the  Mediterra- 
nean coral  Gorgojiia  Cavolinii. 

When  this  albuminoid  or  keratin  was  hydrolyzed  by  barium 
hydroxide,  a  small  amount  of  a  crystalline  substance,  contain- 

1  Z.  f.  Biologie,  33,  90  (1896). 

2  In  view  of  the  work  of  Mendel,  Am.  Jour.  Physiol.,  4,  243  (igoo),  and  Cook,  Ibid., 
I2>  95  (1904),  this  content  of  iodine  is  much  higher  than  that  of  other  Gorgonian 
corals. 
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ing  iodine,  was  obtained.  It  was  named  "  jodgorgosaure" 
and  was  supposed,  by  Drechsel,  to  be  an  iodaminobutyric  acid. 
It  is  the  only  crystalline,  iodine  cleavage  product  that  has  been 
obtained,  either  from  a  natural  or  an  artificial  iodproteid  and 
it  is  noteworthy  that  the  decomposition  of  gorgonin  with 
baryta  water  takes  place  with  far  greater  ease  than  in  the  case 
of  other  proteids. 

Henze^  has  recently  made  a  more  thorough  study  of  gor- 
gonin and  its  decomposition-products  by  acids  and  barium  hy- 
droxide. He  not  only  isolated  the  iodgorgoic  acid,  but  also 
examined  its  properties.^ 

From  the  work  of  the  above  investigators  we  know  that  this 
acid  is  precipitated  from  neutral  solutions  by  the  addition  of 
silver  nitrate,  the  gray  or  white  silver  salt  being  readily  solu- 
ble in  dilute  nitric  acid.  When  decomposed  by  hydrogen  sul- 
phide it  gives  the  acid,  which  is  deposited  from  water  in  long, 
lancet-  (Henze)  or  whetstone-shaped  (Drechsel),  yellowish- 
white  crystals.  It  is  sparingly  soluble  in  water  and  melts  at 
205°  with  decomposition.  It  dissolves  readily  in  alkalies  and 
sodium  carbonate  and  is  precipitated  by  neutralizing  with 
acids.  Dilute  mineral  acids  give  salts,  strong  nitric  or  sul- 
phuric acids  liberate  iodine. 

Henze  made  the  important  observation  that  the  substance 
gives  the  xanthoprotein  reaction  and  therefore  the  acid  is  an 
aromatic  derivative  and  not  an  iodaminobutyric  acid.  It  does 
not  give  Millon's  reaction,  but  Henze  states  that  this  by  no 
means  excludes  the  possibility  that  iodgorgoic  acid  is  a  tyro- 
sine derivative,  as  Blum  and  Vaubef  found  that  the  test  does 
not  apply  to  phenolic  derivatives  with  substituents  in  the  ortho 
or  meta  positions  to  a  hydroxyl  group.  The  quantity  of  ma- 
terial at  Henze' s  disposal  was  so  small,  that  nothing  further 
could  be  done  with  the  acid  than  to  make  a  nitrogen  and  an 
iodine  determination.  He  states  the  analytical  results  serve  to 
confirm   the  fact   that  the  substance  cannot  be  an  iodamino- 

1  Z.  physiol.  Chem.,  38,  60  (1903). 

s  In  addition  to  this  iodamino  acid,  the  work  of  Drechsel  and  Henze  has  shown 
that  the  following  iodine-free  cleavage-products  can  be  isolated,  or  identified  as  being 
present  in  gorgonin  :  Leucine,  tyrosine,  lysine,  lysatiniue?,  histidine,  arginine, 
phenylalanine?,  glycocoU  and  an  unidentified  acid  containing  chlorine. 

3  J.  prakt.  Chem.,  57,  365  (1898). 
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butyric  acid  and  adds,  that  it  would  be  useless  to  derive  a  for- 
mula from  them. 

When  proteids  are  acted  on  by  halogens,  the  products  no 
longer  respond  to  Millon's  test,  indicating  that  probably  the 
tyrosine  group  is  attacked.^  Oswald  believes  his  experiments 
show  that  iodine  enters  entirely,  or  for  the  most  part,  the  aro- 
matic groups.^ 

He  examined  the  action  of  excess  of  iodine  on  tyrosine,  using 
the  method  usually  employed  to  introduce  the  halogen  into 
proteids,  z.  e.,  in  sodium  bicarbonate  solution,  at  45°.  The 
resulting  liquid  failed  to  respond  to  Millon's  test.  The  iod- 
acid  he  obtained  formed  a  syrup,  that  refused  to  crystallize, 
even  after  many  weeks.  In  a  desiccator  it  dried  to  an  amor- 
phous mass,  which  contained  63.18  per  cent  of  iodine.  He 
therefore  concluded  that  this  substance  was  a  triiodtyrosine, 
which  requires  64.97  P^i"  cent  of  iodine.  Obviously  this  was 
not  iodgorgoic  acid. 

We  have  found  that  a  diiodtyrosine,  having  all  the  proper- 
ties of  iodgorgoic  acid,  can  be  prepared  by  adding  a  little  less 
than  the  calculated  amount  of  iodine  to  solution  of  /-tyrosine, 
in  two  molecular  proportions  of  potassium  or  sodium  hydrox- 
ide, at  ordinary  temperatures. 

There  are  now  several  methods  for  the  synthesis  of  racemic 
tyrosine^  and  this  has  been  separated  into  its  active  components 
by  Bmil  Fischer.*  The  complete  synthesis  of  iodgorgoic  acid 
can,  therefore,  be  considered  as  having  been  effected. 

It  gives  a  di-silver  salt,  therefore  the  hydroxy  1  hj^drogen  is 
not  replaced  by  iodine.  The  fact  that  halogens  attack  phenols 
in  the  ortho  and  not  the  meta  position  to  the  hydroxyl  and 
that  the  acid  does  not  give  Millon's  reaction,  leads  to  its  formu- 
lation as  3,5-diiodtyrosin  : 

1  Hofmeister  :  Z.  physiol.  Chem.,  24,  159  {1898).    Blum  and  Vaubel  :  Loc.  cit. 

2  Beitrage  chem.  Physiologic,  3,  413,  521  (1903). 

*  Erlenmeyer,  I,ipp  :  Ann.  Chem.  (Iviebig),  219,  170  (1883).  Erlenmcyer  jun.,  Hal- 
sey :  Ber.  d.  chem.  Ges.,  30,  2981  (1S97).   Ann.  Chem.  (I«iebig),  307,  142  (1899). 

*  Ber.  d.  chem.  Ges.,  32,  3641  (1899). 
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^CHCH(NH,)COOH 


OH 


In  this  paper  we  give  a  description  of  the  preparation  and 
properties  of  iodgorgoic  acid  and  a  description  of  some  of  its  im- 
mediate derivatives.  We  hope,  later,  to  prove  definitely  the 
position  of  iodine  in  the  compound. 

EXPERIMENTAL. 

Diiodtyrosine ,  CjHgOjNI^. — The  tyrosine  employed  by  us 
was  prepared  from  silk,  horn  and  casein.  It  was  dissolved  in 
ammonia,  precipitated  bj^  acetic  acid  and  crystallized  from 
water.     It  melted  at  about  295°. 

Three  grams  of  tyrosine  were  dissolved  in  water  (50  cc. ), 
containing  potassium  hj'droxide  (2  grams).  To  this  solution 
7.9  grams  of  finelj'  pulverized  iodine  were  added,  in  small  por- 
tions, with  vigorous  shaking.  The  reaction  began  at  once  and, 
after  several  additions  of  iodine  had  been  made,  the  diiodtyro- 
sine  separated  as  a  light-brown,  crystalline  precipitate.  This 
was  boiled  with  100  cc.  of  water  and  filtered  hot  from  about 
0.5  gram  of  amorphous,  brown  resin.  The  pale-yellow  filtrate 
deposited  radiating  bunches  of  needle-like  prisms,  which  were 
usually  pale-pink.  Another  crystallization  from  water  gave 
colorless  crystals  of  pure  diiodtyrosine,  melting,  with  sudden 
decomposition  and  violent  effervescence,  at  i96°-205°,  accord- 
ing to  the  rate  of  heating,  the  amount  of  material  used,  etc. 
Henze  states  that  iodgorgoic  acid  melts  at  205°  with  decompo- 
sition. The  average  yield  of  pure  material  was  3.5  grams, 
from  3  grams  of  tyrosine,  or  48  per  cent  of  the  calculated. 
The  by-products  being  the  above  resinous  substance,  contain- 
ing 55  per  cent  of  iodine  and  some  more  soluble  material 
which,  on  evaporating  the  aqueous  solution,  gave  more  of  the 
resinous  substance.     Analysis  : 
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Calculated  for 
C9H9O3NI2.  Found. 

N  3.23  3.24 

I  58.66  58.43^ 

Henze  states  that  iodgorgoic  acid  is  very  sparingly  soluble 
in  water.  We  find  that  our  diiodtyrosine  dissolves  fairly  read- 
ily in  hot  water  and  sparingly  in  cold.  One  hundred  parts  of 
water,  at  25°,  dissolved  0.2  gram  substance.  The  aqueous 
solution  is  acid  to  litmus.  Diiodtyrosine  dissolves  to  only  a 
slight  extent  in  alcohol  and  it  is  insoluble  in  benzene  and 
chloroform.  It  dissolves  readily  in  ammonium  hydroxide  and 
the  alkalies.  Dilute  mineral  acids  form  salts,  strong  nitric 
and  concentrated  sulphuric  acid  liberate  iodine.  When  diiod- 
tyrosine is  warmed  with  hydriodic  acid  it  is  quantitatively  con- 
verted into  tyrosine.  Zinc  and  hydrochloric  acid  (nascent  hy- 
drogen) also  give  tyrosine.  Prolonged  boiling  with  baryta 
water  only  partially  decomposes  the  acid,  but  it  is  more  readily, 
decomposed  with  alkali.  It  forms  sparingly  soluble  salts  with 
silver,  lead  and  copper  and  is  precipitated  from  aqueous  solu- 
tions by  phosphotungstic  acid  and  mercurous  nitrate.  Plat- 
inum chloride,  mercuric  chloride  and  picric  acid  give  no  pre- 
cipitates. With  superheated  steam  it  forms  a  resin  free  from 
iodine.  It  responds  to  the  xanthoprotein  test,  but  not  to  Mil- 
Ion's  reaction. 

Action  of  Water. — Diiodtyrosine  can  be  repeatedly  crystal- 
lized from  water  without  change.  One-half  gram  was 
heated  in  a  closed  tube,  with  5  cc.  of  water,  for  2  hours,  at 
i2o°-i3o°;  only  a  partial  decomposition  took  place.  On  heat- 
ing 2  hours  longer,  at  about  155°,  the  material  was  converted 
into  a  brown,  insoluble,  amorphous  resin,  the  iodine  being  con- 
verted into  hydriodic  acid. 

Action  of  Barium  Hydroxide. — Diiodtyrosine  (0.5  gram)  was 
boiled  for  2  hours  with  barium  hydroxide  (12  grams)  and  water 
(50  cc).  The  barium  from  5  cc.  of  this  solution  was  precipi- 
tated by  means  of  carbon  dioxide,  silver  nitrate  added  and  the 
resulting  precipitate  treated  with  dilute  nitric  acid,  free  from 

1  The  iodine  determinations  given  in  this  paper  were  made  by  evaporating  the 
substance  to  dryness  with  strong  nitric  acid  and  silver  nitrate,  etc.  When  checked  by 
a  Carius  determination  the  results  agreed. 
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nitrous  acid,  whereupon  it  dissolved  completely.  It  follows, 
therefore,  that  no  iodine  had  been  removed  by  this  treatment 
and  that  the  material  remained  unaltered. 

The  remainder  of  the  baryta  solution  was  boiled  for  30 
hours,  about  10  per  cent  of  the  iodine  in  the  diiodtj^rosine  was 
liberated. 

Actio?i  of  Hydriodic  Acid. — Diiodtyrosine  (0.5  gram)  was 
boiled  with  5  cc.  of  strong  hydriodic  acid,  for  a  few  minutes, 
then  evaporated  to  dryness  on  the  water-bath.  The  black 
residue  was  dissolved  in  a  little  water  and  decolorized  by 
sodium  bisulphite.  Careful  addition  of  ammonia  yielded  tyro- 
sine (0.2  gram),  m.  p.  about  294°. 

Diiodtyrosine  Hydrochloride. — Diiodtyrosine  (0.5  gram)  was 
evaporated  with  20  cc.  of  dilute  hydrochloric  acid  to  about  5 
cc.  On  cooling,  radiating  bunches  of  colorless  needles  separa- 
ted ;  these  were  pressed  on  paper  and  dried  over  potassium  hy- 
droxide for  analysis  : 

Calculated  for 
C9H0O3NI0.HCI.  Found. 

CI  7-56  7-56 

Drechsel  states  that  the  hydrochloride  of  iodgorgoic  acid  is 
decomposed  by  water  with  separation  of  crystals  of  the  free 
acid.  Henze  says  that  he  could  not  confirm  this  observation, 
although  he  brings  no  analytical  data  to  support  his  statement. 

The  hydrochloride,  obtained  as  described  above,  was  recrys- 
tallized  from  a  small  amount  of  water  ;  the  product  contained 
only  i.4per  cent  of  chlorine;  the  salt  is,  therefore,  decomposed 
by  water. 

The  sulphate  was  obtained  by  dissolving  the  diiod  acid  in 
dilute  sulphuric  acid.  It  formed  colorless,  slender  prisms 
which  were  very  soluble  in  water.     Analysis  : 

H,SO, 

Silver  Salt  of  Diiodtyrosine. — When  aqueous  solutions  of 
silver  nitrate  and  diiodtyrosine  are  mixed,  a  white,  flocculent 
precipitate  separates  at  once  ;  the  amount  can  be  increased  by 


Calculated  for 
C9H9O3NI0.H2SO4. 

Found. 

18.49 

18.74 
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the  addition  of  a  few  drops  of  ammonia.     The  precipitate, 
dried  at  about  5o°-6o°,  remained  white. 

Calculated  for 

C9H703Nl2Ag2.  Found. 

Ag  33.38  33.49 

The  salt  is  readily  soluble  in  pure,  dilute  nitric  acid  and  is 
Teprecipitated  by  neutralization  with  ammonia.  Strong  nitric 
acid  readily  separates  silver  iodide,  especially  on  warming.  It 
is  soluble  in  excess  of  ammonia. 

The  copper  salt  was  obtained,  in  a  similar  manner,  from  copper 
sulphate  and  separated  immediately  as  a  flocculent,  amorphous, 
pale-blue  precipitate,  insoluble  in  water.  It  was  dried  at  120° 
•(Analysis  I.).  A  salt  of  the  same  appearance  was  formed  on 
adding  copper  hydroxide  to  warm,  aqueous  solution  of  the  acid 
and  then  treating  the  precipitate  with  acetic  acid  and  water. 
This  was  dried  at  100°  (Analysis  II.). 

Calculated  for  Found. 

(C9H803NIo)2CU.  I.  II. 

Cu  6.85  6.74  6.76 

A  salt,  of  the  same  appearance  as  the  above,  is  also  formed 
•on  adding  solution  of  copper  acetate  to  cold  solution  of  diiod- 
tyrosine  ;  the  pale-blue  precipitate,  in  this  case,  was  dried  over 
sulphuric  acid,  during  5  days.     The  water  was  determined  at 

I20°-I25°. 

Calculated  for 
(C!)Hs03NIo)2Cu.HoO.  Found. 

HjO  1.90  1.77 

A  lead  salt  is  precipitated  as  a  white,  or  cream-colored, 
apparently  amorphous  powder  on  mixing  solutions  of  lead  ace- 
tate and  diiodtyrosine. 

Monoacetyldiiodtyrosme  was  obtained  when  diiodtyrosine  ( i 
gram)  was  boiled  with  excess  of  acetic  anhydride.  The  acid 
•dissolved  and  in  a  few  minutes  the  acetyl  compound  separated. 
It  was  powdered  and  purified  by  boiling  with  alcohol  and 
water.  It  is  insoluble  in  water  and  amyl  acetate,  very  spar- 
ingly soluble  in  alcohol  and  formed  a  pale-yellow  powder,  which 
■eflfervesced  at  about  225°. 
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Calculated  for 
CnHij04Nl2.  Found. 

53-47  53-24 


New  Haven,  Conn., 
Dec.  14,  1904. 
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ON    THE    OPTICALLY   ACTIVE    ISOMERS    OF    THE 

)8-DIHYDR0FURFURAN-a,a'-DICARB0XYLIC 

ACID.^ 

By  H.  B.  Hill  and  F.  W.  Russe. 

The  principal  object  of  the  work  described  in  this  paper  was 
the  separation  of  the  y3-dihydrofurfuran-a,a'-dicarboxylic  acid 
into  its  optical  isomers,  which  had  not  yet  been  obtained  in  a 
state  of  purity  and  the  study  of  the  properties  of  these  two 
bodies. 

The  /8-dihydrofurfuran-a,a'-dicarboxylic  acid  (^dihydrodehy- 
dromucic  acid)  was  discovered  by  Fittig  and  Heinzelmann,^  in 
1876.  Seelig.Mn  1879,  separated  the  product  of  the  reduction 
into  two  isomeric  acids,  the  existence  of  which  was  denied  by 
Schrotter,*  in  1888,  but  in  1901  A.  S.  Wheeler  and  one  of  us^ 
showed,  not  only  that  Seelig's  a-  and  /?-acids  existed,  but  that 
there  was  also  a  third  (y)  acid  contained  in  this  product.  The 
formulas  of  these  three  acids  were  also  established,  in  that 
paper,  as 

H   H  H,   H 

C C— COOH  C C— COOH 


> 


> 


-C— COOH  C==C— COOH 


H   H  H 

a  and  /3.  7. 

and  the  a-acid  was    shown  to  be  the  inactive,  the  /8-acid  the 
racemic  form. 

1  Most  of  the  experimental  work  described  was  done  under  the  direction  of  Profes- 
sor H.  B.  Hill,  but  it  was  finished  and  the  paper  written  after  his  lamented  death. 

c.  L.  J. 
-  Ber.  d.  chem.  Ges.,  9,  1199. 
'  /did.,  12,  1085. 

*  Sitzun.  Wien.,  97,  2  b,  409. 

*  This  Journal,  25,  463  ;  also  Hill :  Ibid.,  25,  439. 
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In  taking  up  the  work  again  we  found  that  the  cinchonine 
salt  of  the  laevo-/8-acid  is  much  less  soluble  than  that  of  the 
dextro-/3-acid  ;  accordingly,  by  five  crystallizations  of  this  salt 
from  water,  we  have  succeeded  in  preparing  the  salt  of  the 
pure  laevo-)8-acid.  The  mother-liquors  from  the  first  crystal- 
lization of  the  laevo  cinchonine  salt  contained  most  of  the  dex- 
tro  acid,  which  was  set  free  and  converted  into  the  strych- 
nine salt,  as  it  had  been  found  that  the  dextro  salt  of  this 
alkaloid  was  somewhat  less  soluble  than  the  laevo  salt.  By 
repeated  crystallizations  from  water  the  strj-chnine  salt  of  the 
dextro  acid  was  obtained  pure. 

The  two  optically  active  acids  resemble  each  other  in  the 
closest  way,  but  differ  strikingly  from  the  racemic  acid  in 
many  respects,  as  is  shown  by  the  following  comparison.  All 
three  crystallize  well  from  water,  with  iH^O,  and  give  crystals 
of  the  anhydrous  acid  from  ether,  all  of  which  are  alike  in  gen- 
eral appearance,  so  that  they  could  be  distinguished,  if  at  all, 
only  by  a  crystallographic  study.  The  anhydrous  racemic 
acid  melts  at  178°-! 79°  (cor.),  the  dextro  and  laevo  acids  at 
144°  (uncor.).  The  latter  seem  to  be  more  soluble  in  water 
or  ether  than  the  racemic  form.  The  three  barium  salts  crys- 
tallize with  i^HjO,  but  the  salts  of  the  optically  active  acids 
seem  to  be  more  soluble  than  that  of  the  racemic  acid.  The 
lead  salt  of  the  racemic  acid  crystallizes  with  iH^O,  only  half 
of  which  is  given  off  at  195°  ;  the  lead  salt  of  the  dextro  or 
laevo  acid  crystallizes  with  2H2O,  all  of  which  goes  off  at  135°. 
The  optically  active  lead  salts  are  about  fifty  times  as  soluble 
as  that  of  the  racemic  acid. 

We  have  tried  also  to  separate  the  y-dihydrofurfuran-a,a'- 
dicarboxylic  acid  into  two  optically  active  isomers,  but  en- 
countered great  difficulties  because  of  the  tendency  of  the  acid 
(or  its  alkaloid  salts)  to  be  converted,  by  boiling  with  water, 
into  a  jelly  from  which  the  original  acid  could  not  be  obtained 
again  by  any  means  that  we  have  been  able  to  find.  This 
jelly  contains  TiUfi  more  than  the  y-acid  and,  like  that,  is  a 
dibasic  acid.  A  similar  conversion  of  the  /i-acid  to  a  jelly  was 
also  observ-ed.  We  can  report  only  the  probable  existence  of 
optical  isomers  of  the  y-acid.     Several  of  its  salts  are  described. 
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Preparation  of  ^-Dihydrofurfuran-a,a!-dicarboxylic  Acid\ 
C^H^OCCOOH)^. — The  acid  for  our  work  was  prepared  by  the 
following  method  :  Ten  grams  of  dehj'droniucic  acid  were  sus- 
pended in  ICO  cc.  of  water  and  brought  into  solution  by  the  ad- 
dition of  solid  sodic  hydrate  ;  300  grams  of  3  per  cent  sodium 
amalgam  were  then  added  and  the  mixture  was  allowed  to 
stand  at  ordinary'  temperatures  until  a  drop  gave  no  precipitate 
of  dehydromucic  acid  on  the  addition  of  hydrochloric  acid, 
which  usually  occurred  in  four  hours.  The  liquid  was  then 
decanted  from  the  mercury,  boiled  for  i  minute,  allowed  to  cool, 
made  slightly  acid  with  nitric  acid,  filtered  to  remove  any  de- 
hydromucic acid  which  had  escaped  reduction,  neutralized  with 
sodic  hydrate  and  mixed  with  106  grams  of  plumbic  nitrate  dis- 
solved in  water.  On  standing  for  2  days  the  nearly  insoluble  lead 
salt  of  the  ^-acid  had  separated  in  crystals  ;  these  were  filtered 
out  and  treated  with  boiling  water,  until  all  of  the  more  soluble 
lead  salt  of  the  a-acid  had  been  dissolved.  They  were  then  sus- 
pended in  water  and  strongly  acidified  with  hydrochloric  acid, 
after  standing  over  night  the  plumbic  chloride  was  filtered  out 
and  the  filtrate  treated  with  ether,  in  a  continuous  extractor. 
The  ether  extract  left,  on  evaporation,  the  pure  crystalline 
y8-acid.     Yield,  1-1.5  grams. 

This  method  of  preparation  difiers  in  some  important  re- 
spects from  that  previously  given  by  A.  S.  Wheeler  and  one 
of  us.'  Common  sodium  amalgam  is  used  instead  of  the 
speciallj'  prepared,  pure  and  finely  divided  amalgam  recom- 
mended there.  The  yield,  to  be  sure,  is  not  so  good  with  this 
ordinary  preparation,  but  the  loss  is  more  than  compensated  for 
by  the  saving  of  time  in  the  manufacture  of  the  amalgam. 

A  more  important  difference  between  our  process  and  the 
older  one  has  for  its  object  the  avoidance  of  a  gummy  sub- 
stance, which  frequently  replaced  the  crystalline  acid,  in  party 
or,  in  extreme  cases,  completely.  Some  preliminary  experi- 
ments showed  that  the  crystalline  acid  was  converted  into  this 
gum  during  the  heating  of  the  reduced  liquid,  poured  off  from 
the  mercury.     The  progress  of  this  change  was  studied  in  the 

»  This  Journal,  as,  463,  439. 
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-series  of  experiments  recorded  in  the  following  table.  In  this 
work  the  specially  prepared  granular  sodium  amalgam  was 
rused. 
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42 
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From  these  results  it  appears  that  the  amount  of  jelly  formed 
depends  on  the  length  of  the  boiling  and  that  the  solution 
should  never  be  boiled  more  than  2  minutes,  but,  on  the  other 
hand,  the  best  yield  is  not  obtained  if  the  heating  is  stopped 
as  soon  as  the  solution  begins  to  boil.  We  have,  therefore, 
adopted  i  minute  as  the  length  of  boiling,  which  gives  the 
best  result,  in  place  of  the  boiling  for  a  few  minutes  recom- 
mended in  the  earlier  process.  We  are  able  to  give  no  account 
of  the  nature  of  this  gum,  but  it  is  probably  closely  related  to 
the  gummy  derivative  of  the  y-acid,  discussed  later  in  this 
paper. 

The  older  method  of  decomposing  the  lead  salt  with  sul- 
phuretted hydrogen  is  not  only  less  convenient  than  our 
method  with  hydrochloric  acid  and  ether,  but  has  the  addi- 
tional disadvantage  of  giving  a  product  contaminated  with 
sulphur,  if  any  of  the  gummy  impurity  is  present.  The  hy- 
drochloric acid  process  was  also  found  to  be  more  convenient 
than  one  in  which  the  lead  was  removed  by  treatment  with 
:Sodic  carbonate.     The  only  remaining  diflference  between  the 


376  Hill  and  Russe. 

two  processes  consists  in  our  use  of  sodic  hydrate,  instead  of 
sodic  carbonate,  to  dissolve  the  dehydromucic  acid. 

Separation  of  the  fi-Dihydro-furfura7i- a,a' -dJcarboxylic  Add 
into  its  Optical  Isomers — The  cinchonine  and  strychnine  salts  of 
the  ^-acid  crystallize  well  and  were,  therefore,  selected  for  fur- 
ther study.  Upon  crystallizing  the  cinchonine  salt  from  water 
and  examining  with  polarized  light  the  acids  derived  from  the 
fractions,  it  was  found  that  the  less  soluble  portion  of  the  salt 
contained  the  laevo  acid,  the  more  soluble  portion  the  dextro 
acid  and  further,  that  the  difference  in  solubility  of  these  two 
salts  is  considerable,  the  salt  of  the  dextro  acid  being  more 
than  twice  as  soluble  as  that  of  the  laevo  acid.  On  the 
other  hand,  we  found  that  the  strychnine  salt  of  the  laevo  acid 
is  about  one  and  one-half  times  as  soluble  as  that  of  the  dextro 
acid. 

The  method  of  separation,  founded  on  these  observations, 
was  as  follows  :  Cinchonine  was  added,  in  excess,  to  a  hot 
aqueous  solution  of  the  /3-dihydrofurfuran-a,o:'-dicarboxylic 
acid  of  such  a  concentration  that  the  resulting  solution  of  the 
cinchonine  salt  would  be  saturated  at  the  boiling-point.  The  ex- 
cess of  cinchonine  was  filtered  out  through  a  steam-filter  and  the 
solution  allowed  to  cool.  The  crystals  thus  obtained  were  re- 
crystallized  from  boiling  water,  until  polariscope  tests  showed 
that  the  pure  laevo  salt  had  been  obtained,  which  usually 
needed  four  recrystallizations.  The  progress  of  the  purification 
was  much  delayed  by  the  deposition  of  the  more  soluble  alka- 
loid salt  from  the  solution,  which  had  crawled  above  the  sur- 
face of  the  liquid.  This  difiiculty  was  entirely  removed  by 
the  simple  device  of  putting  the  beaker  containing  the  hot  solu- 
tion of  the  salts  into  a  crystallizing  pan  partly  filled  with  hot 
water,  a  large  beaker  was  then  inverted  over  the  smaller  one  and, 
as  this  was  sealed  by  immersion  in  the  liquid  in  the  pan,  the 
crystallization  took  place  in  an  atmosphere  saturated  with  the 
vapor  of  water  so  that  there  was  no  evaporation  of  the  mother- 
liquor  drawn  up  on  the  sides  of  the  beaker.  The  apparatus  should 
be  so  arranged  that  the  inner  beaker  may  not  be  upset  by  the 
rise  of  water  in  the  larger  one  during  cooling. 
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The  dextro  acid  was  prepared  from  the  mother- liquors  of  the 
first  crystals  of  the  cinchonine  salt.  For  this  purpose  hydro- 
chloric acid  was  added  to  them  until  a  reaction  was  obtained 
with  logwood  paper  and  the  acidified  liquid  was  then  extracted 
with  ether.  The  crude  dextro  acid,  thus  obtained,  was  treated, 
in  hot  aqueous  solution,  with  an  excess  of  strychnine  and  the 
strychnine  salt  recrystallized  from  hot  water  till  pure,  the  purity 
being  determined,  as  with  the  laevo  acid,  by  the  constancy  of  the 
rotary  power  of  the  free  acid.  That  the  two  acids  were  pure 
was  further  shown  by  the  fact  that  their  rotary  powers  were 
equal  and  opposite. 

Seventeen  grams  of  the  )9-acid  yielded,  by  this  treatment,  3 
grams  of  laevo  and  3  grams  of  dextro  acid. 

Cinchonine  Salts  of  the  Dextro  and  Laevo  ^-dihydrofurfuraii- 
a,a'-dicarboxy lie  Acids. — The  salt  of  the  laevo  acid  crystallizes 
from  water  in  silky,  slightly  brownish-white  needles,  arranged 
in  radiating  groups.  It  is  less  than  half  as  soluble  as  the 
dextro  salt  and  is  slightly  decomposed,  with  separation  of  cin- 
chonine, when  dissolved  in  water. 

The  salt  of  the  dextro  acid  is  deposited  from  solutions  in  a 
white  crystalline  crust,  apparently  made  up  of  needles.  It  is 
very  soluble  in  water.  The  salts  of  both  acids  dissolve  in  ethyl 
or  methyl  alcohol,  or  in  chloroform,  but  are  insoluble  in  ether, 
benzol,  acetone,  or  ligroin. 

Strychyiine  Salts. — The  salt  of  the  dextro  acid  crystallizes  in 
white,  silky  needles,  usually,  but  not  always,  arranged  in  radia- 
ting groups.  It  is  less  soluble  in  water  than  the  laevo  salt,  but 
the  difference  in  solubility  (about  i^  times)  is  much  less  than 
that  between  the  cinchonine  salts.  The  laevo  salt  forms  white, 
silky  needles,  similar  to  those  of  the  dextro  salt.  Both  are 
soluble  in  ethyl  or  methyl  alcohol  or  in  chloroform,  but  insolu- 
ble in  ether,  benzol,  ethyl  acetate,  acetone,  or  ligroin. 

Dextro- ^-dihydrofur/uran-ay  a'-dicarboxylic  Acid, 
C^H.O  ( COOH)^.  H^O.— This  acid  was  obtained  from  the  strych- 
nine salt  by  adding  hydrochloric  acid,  until  the  solution  gave  a 
test   with   logwood-paper,    filtering  out  any   chlorhydrate   of 
strychnine  that  was   precipitated  and   extracting  with  ether. 
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It  was  dried  in  the  air  and  tested  for  water  of  crystallization. 
0.3581  gram  air-dried  substance  lost  0.0384  gram  at  100°. 

Calculated  for 
C4H40(COOH)2H20.  Found. 

HjO  10.23  10.73 

As  the  method  of  preparation  from  the  racemic  /3-acid  leaves 
no  doubt  in  regard  to  its  composition,  no  other  analyses  of  the 
free  acid  were  made. 

Properties  of  the  Dextro  Acid. — It  crystallizes  from  ether  in 
thick,  anhydrous  prisms,  from  water  iu  thick,  transparent, 
white  plates,  which  contain  iH^O  and  collapse  at  about  100°. 
The  anhydrous  acid  melts  at  144°.  It  is  freely  soluble  in 
water  or  ethyl  alcohol,  sparingly  in  ether,  but  more  soluble 
than  the  racemic  /S-acid,  especially  if  the  ether  is  hot  ;  insolu- 
ble in  benzol,  chloroform,  or  ligroin.  It  can  be  crystallized 
from  ether  or  from  ether  and  ligroin.  Some  of  its  salts  are 
described  later  in  the  paper  and  its  behavior  toward  polarized 
light  will  be  considered  after  the  description  of  the  laevo  acid. 

Laevo-^-dihydrofurfuran-a^a'-dicarboxylic  Acid, 
C,H,0(COOH),.H,0.— This     acid    was    obtained    from    the 
cinchonine  salt  by  acidifying  the  solution  with  hydrochloric 
acid,  until  it  gave  a  test  with  logwood-paper  and  extracting 
■with  ether. 

I.  o.  1 141  gram  air-dried  substance  lost  0.0122  gram  at  100°. 

II.  0.1383  gram  substance  lost  0.0145  gram  at  100°. 

Properties  of  the  Laevo  Acid. — It  resembles  the  dextro  and 
the  racemic  acid  most  closely,  both  in  the  crystals  containing 
iHjO  and  the  anhydrous  crystals  obtained  from  ether  and 
ligroin.  It  melts  at  144°,  when  anhydrous,  like  the  dextro 
acid  and  shows  the  same  solubilities  in  the  common  solvents. 

Specific  Rotary  Power  of  the  Dextro  and  Laevo  Acids. — The 
acids  for  these  experiments  were  prepared  from  the  purest 
specimens,  made  as  described  above,  by  recrystallizing  these 
once  from  water,  driving  ofiF  the  water  of  crystallization  at 


Calculated  for 

Fou 

nd. 

C4H40(C00H)2.H20. 

I 

II. 

10.23 

10 

64 

10.48 
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100°  and  extracting  the  dried  substance  with  ether,  discarding 
the  first  and  last  portions  of  the  extract.  Finally  it  was  dried 
at  100°  to  constant  weight.  The  solutions  were  prepared  at 
20°  and  the  room  in  which  the  readings  were  made  varied  but 
little  from  this  temperature.     The  sodium  flame  was  used. 


Dextro  Acid. 

Laevo  Acid. 

c. 

a.               X. 

[«]d. 

c. 

a.             X. 

[«]d. 

10.15   +48°. 78   I  dm. 

+480.7 

10.04  "■ 

-48°. 04  I  dm.  ■ 

-478.7 

5.08 

24°.67   I    " 

485.4 

5.01 

24°. 22  I    " 

483.4 

2.525 

i2°.35   I    " 

489.2 

2.517 

12°. 29  I    " 

488.3 

0.629 

6°. 31   2dms. 

502.0 

0.627 

6°. 35  2dms. 

507.0 

0.157 

i°.63  2    " 

519.0 

0.158 

i°.67  2    " 

5330 

1. 160 

5°. 75   I  dm. 

496.0 

0.582 

2°. 92   I    " 

502.0 

In  these  tables  column  c  gives  the  concentration  in  grams 
for  100  cc.  of  solution  ;  a  the  angle  read  ;  X  the  length  of  the 
tube  ;  and  [«]d  the  specific  rotary  power.  The  last  two  deter- 
minations of  the  dextro  acid  were  made  with  a  different  sam- 
ple. 

These  results  show  that  the  specific  rotary  power  increases 
slightly  with  the  dilution.  The  differences  between  the  deter- 
minations for  the  dextro  and  laevo  acids  amount  to  about  o.  5  per 
cent,  with  the  less  dilute  solutions,  but  with  the  most  dilute  it 
rises  to  2.6  per  cent,  which  is  undoubtedly  due  to  the  sraall- 
ness  of  the  angle  read  in  these  cases. 

To  make  certain  that  no  serious  error  was  introduced  into 
the  determinations  by  slight  changes  of  temperature  during 
the  readings,  two  readings  were  made  with  the  same  specimen 
of  the  dextro  acid,  the  one  at  16°. 5  gave  a  rotation  angle  of 
9°. 90,  the  other,  at  24^.5,  gave  an  angle  of  9°. 87.  These  dif- 
ferences are  no  greater  than  the  error  of  reading  of  the  instru- 
ment and,  as  any  accidental  variations  of  temperature  during 
the  determinations  must  have  been  smaller  than  the  difference 
between  these  two  experiments,  the  temperature  could  have 
had  no  appreciable  influence  on  our  results. 

Salts  of  the  (3- Acid. 
Baric  Dextro-^-dihydrofurfuran-a , a! -dicarboxylaie, 
C,H,0(COO),Ba.  i^HjO.— The  salt  was  made  by  boiling  a  solu- 
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tion  of  the  dextro  acid  with  excess  of  baric  carbonate,  until 
the  liquid  was  neutral.  The  remaining  carbonate  was  then 
filtered  out  and  the  filtrate  concentrated,  when  the  barium  salt 
crystallized  out.     It  was  dried  in  the  air.     Analysis  : 

0.3345  gram  of  the  air-dried  salt  lost  0.0293  gram  at  105°, 

Calculated  for 
C4H40(COO)2BaiAHo0.  Found. 

H,0  8.43  8.76 

0.3045  gram  of  the  salt  gave,  on  evaporation  with  sulphuric 
acid,  0.2407  gram  BaSO^. 


Calculated  for 

C4H40(COO)2Ba. 

Found. 

46.83 

46.51 

Ba 

It  forms  small,  white  crystals,  which  dissolve  in  about  50 
parts  of  water,  the  solubility  increases  only  slightly  with  in- 
crease of  temperature.  It  loses  its  water  of  crystallization  in 
vacuo.     The  racemic  salt  also  crystallizes  with  i^  HjO. 

Baric  Laevo-^-dihydrofurfuran-a,  a' -dicarboxylate 
C4H40(COO)jBa.iiH20.— This  salt  was  prepared  in  the  same 
way  as  the  dextro  compound.     Analysis : 

I-  0-3998  gram  of  air-dried  salt  lost  0.0355  gram  at  105°. 

II.  0.7137  gram  lost  0.0667  gram. 

Calculated  for  Found. 

C4H40(COO)2BaiJH20.  I.  II. 

H,0  8.43  8.88  9.35 

The  sample  used  in  II.  was  obtained  by  the  spontaneous  evapo- 
ration of  the  aqueous  solution,  that  used  in  I  was  evaporated 
by  heat. 

0.3634  gram  of  the  salt,  dried  at  105°,  gave  0.2892  gram  of 
BaSO,. 

Calculated  for 
C4H40(COO)2Ba.  Found. 

Ba  46.83  46.82 

The  salt  resembles  the  corresponding  dextro  compound  most 
■closely  in  appearance  and  other  properties. 

Plumbic  Dextro-j^-dihydrofurfiiran  a, a' -dicarboxylate^ 
C,H,0(COO)2Pb.2HjO.— The  salt  was  prepared  by  boiling  an 


^-Dihydrofurjuran-a,a'-dicarhoxylic  Acid.  381 

aqueous  solution  of  the  acid  with  plumbic  carbonate  and  fil- 
tering off  the  excess  of  the  latter.  Upon  cooling,  crystals  of  the 
salt  separated  in  small  amount ;  a  larger  quantity  was  obtained 
by  allowing  the  solution  to  evaporate  spontaneously,  or  concen- 
trating it  by  heat;  in  each  case  the  salt  with  2H2O  was  obtained. 
It  was  purified  by  recrystallization  from  water. 

I.  0.2835  gram  of  the  air-dried  salt  lost  0.0247  gram  in  vacuo 
and  only  0.0044  gram,  in  addition,  at  135°. 

II.  0.3339  gram  lost  0.0294  at  135°. 

Calculated  for  Found 

C4H40(COO)2Pb2H20.  in  vacuo. 

2H3O  9.02  8.72 

Found  at  135°. 
I.  II. 

2H2O  9.02  10.26  8.80 

The  salt,  therefore,  contains  2H2O,  which  it  loses  in  vacuo. 
If  heated  at  180°,  it  was  decomposed,  as  it  took  on  a  pale  yellow 
color  and  gave  percentages  of  lead  which  did  not  correspond  to 
those  calculated  from  the  formula. 

0.2543  gram  of  the  salt,  dried  at  135°,  gave  0.2128  gram  of 
PbSO,. 

Calculated  for 
C4H40(COO)oPb.  Found. 

Pb  57.01  57.15 

Plumbic  Laevo-^-dihydrofurfuran-a,  a' -dicarboxylate , 
C^H^O(COO)2Pb.2H20. — This  was  prepared  in  the  same  way 
as  the  dextro  salt,  which  it  resembles  most  closely  in  properties. 
I.  0.3805  gram  of  the  air-dried  salt  lost  o.  0369  gram  at  135°. 

II.  0.4422  gram  lost  0.0405  gram. 

Calculated  for  Found. 

C4H40(C00)2Pb2H20.  I.  II. 

2H2O  9.02  9.70  9.16 

o.  343 1  gram  of  the  salt,  dried  at  1 35 ° ,  gave  o.  286 1  gram  PbSO^. 

Calculated  for 
C4H40(C00)2Pb.  Found. 

Pb  57.01  56.97 

Some  determinations  of  the  solubilities  of  the  dextro  and 
laevo  lead  salts  gave  unsatisfactory  results,  apparently  because 
they  form  saturated  solutions  only  with  great  difficulty.    These 
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experiments  indicate,  however,  that  the  two  have  essentially 
the  same  solubility,  which  is  about  fifty  times  as  great  as  that 
of  the  racemic  salt.  If  saturated  solutions  of  the  dextro  and 
laevo  salts  are  mixed  and  the  sides  of  the  vessel  scratched  with 
a  glass  rod,  the  racemic  salt  crystallizes  out  at  once. 

y-Dihydrofurfuran-oc ^a' -dicarboxylic  Acid. 

This  acid  was  discovered  by  A.  S.  Wheeler  and  one  of  us,* 
who  proved  that  its  structural  formula  is 

H 
H,C C— COOH 

>      • 

HC=C— COOH 

In  order  to  characterize  it  more  thoroughly  we  have  studied 
some  of  its  salts  and  have  tried  to  separate  it  into  its  optical 
isomers,  but  our  work  has  not  made  such  progress  as  we  could 
wish,  on  account  of  the  easy  conversion  of  the  acid  or  its  salts 
with  alkaloids  into  another  substance,  when  heated  in  aqueous 
solution. 

We  have  first  to  correct  a  mistake  in  regard  to  the  melting- 
point  of  the  y-acid,  which,  owing  to  a  misunderstanding,  has 
found  its  way  into  the  paper  by  Wheeler  and  one  of  us.^  It 
is  stated  there  that  the  acid  decomposes,  without  melting,  at 
194°;  in  reality  it  melts  and  almost  immediately  decomposes, 
with  formation  of  bubbles,  at  temperatures  between  175°  and 
190°,  according  to  the  rapidity  of  the  heating.  A  number  of 
specimens,  purified  by  crystallization  from  different  solvents, 
were  tried,  but  no  constant  melting-point  could  be  obtained 
and  it  was  shown  by  experiment  that  the  variations  depended 
on  differences  in  the  method  of  heating.  As  these  melting- 
points  averaged  180°,  that  is,  14°  lower  than  the  melting-point 
taken  by  Wheeler,  we  analyzed  the  substance  so  as  to  be  sure 
that  it  was  the  y-acid. 

I.  0.2049  gram  substance  gave,  on  combustion,  0.3451  gram 
CO,  and  0.07 11  gram  H,0. 

1  This  Journal,  35,  439,  480. 

2  Ibid.,  35,  439,  480. 
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II.  0.2026  gram  substance  gave  0.3388  gram  CO,  and  0.0661 
gram  H^O. 

Calculated  for  Found. 

C4H40(COOH>2.  I.  II. 

C  45-55  45-94  45-6o 

H  3.83  3.88  3.65 

The  alteration  of  the  acid  and  its  salts,  already  alluded  to, 
was  first  observed  in  work  with  the  alkaloid  salts  made  for 
the  purpose  of  separating  the  acid  into  its  optical  isomers. 
These,  it  was  found,  were  frequently  deposited  from  solutions 
as  a  jelly,  which  could  not  be  made  to  crystallize.  This  jelly 
was  formed  most  easily  from  aqueous  solutions,  but  it  was  also 
obtained,  with  some  diflSculty,  from  solutions  in  alcohol  or  ether. 

To  study  this  subject  more  carefully,  some  of  the  y-acid  was 
dissolved  in  water  and  the  solution  evaporated  to  dryness  on 
the  steam-bath ;  the  residue  was  a  clear,  slightly  yellowish, 
viscous  jelly.  As  this  seemed  to  show  that  the  jelly  was 
formed  by  the  action  of  heat,  the  following  experiments  were 
tried.  A  10  per  cent  solution  of  the  y-acid  was  heated  at  100° 
and  at  intervals  a  few  drops  were  removed  and  allowed  to  cool 
on  a  watch-glass  : 

( 1 )  Cold,  good  crystals  of  y-acid. 

(2)  5  minutes  heat,  good  crystals"^ 

'        >  Very  slight  trace  of  jelly. 

'      slight  amount  of  jelly. 
'      distinct     "        "     " 

As  heating  at  100°  for  30  minutes  was  suflScient  for  complete 
conversion  of  the  acid  into  the  jelly,  the  effect  of  heating  for 
30  minutes,  at  other  temperatures,  was  tried  in  the  same  man- 
ner.    A  10  per  cent  solution  of  the  acid  was  again  used  : 

(i)  40°,  good  crystals. 

(2)  50°,     " 

(3)  60°,     "  " 

(4)  70°,  crystals  beginning  to  be  slightly  coated  with  jelly. 

(5)  80°,  distinct  amount  of  jelly. 

(6)  90°,  jelly. 

(7)  95°,      " 


(3)  10 

( (         1  ( 

(4)   15 

"      small 

(5)  20 

"      few 

(6)   25 

"        " 

(7)  30 

"      jelly  ( 
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The  jelly  does  not  lose  weight  after  it  is  once  evaporated  to 
dryness  on  the  water-bath,  even  if  allowed  to  stand  in  vacuo 
for  several  weeks,  nor  does  it  show  any  signs  of  crystalliza- 
tion. If  dissolved  in  the  solvents  used  for  recrystallizing  the 
acid,  it  gives  the  jelly  on  evaporation,  whether  spontaneously 
or  by  heat.  Its  composition  is  constant,  as  shown  by  the  fol- 
lowing determinations,  which  were  made  by  heating  the 
weighed  portions  of  the  y-acid  for  2  hours,  in  aqueous  solu- 
tion, on  the  steam- bath  and  then  evaporating  off  the  water  on 
the  steam-bath  and  drying  in  "vacuo. 

I.  0.4264  gram  acid  gave  0.5238  gram  jelly. 

II.  0.8850  gram  acid  gave  1.0858  grams  jelly. 


Calculated  for 

Found. 

C6H6O5.2H2O. 

I. 

II. 

Gain  2H,0 

18.57 

18.60 

18.49 

It  is  evident,  therefore,  that  the  y-acid  takes  up  2HjO  in 
passing  into  the  jelly.  The  y-acid  itself  crystallizes  without 
water,  as  was  determined  by  Wheeler  and  one  of  us  and  con- 
firmed by  our  own  experiments.  The  jelly,  prepared  in  deter- 
mination I.,  was  titrated  with  N/io  sodic  hydrate  solution  and 
required  52.93  cc.  The  weight  of  y-acid  used  in  I.  required 
52.80  cc,  so  that  the  acidity  is  not  effected  by  conversion  of 
the  acid  into  the  jelly.  A  special  experiment  showed  that  no 
carbonic  dioxide  was  given  off  during  the  formation  of  the 
jelly.  Acetic  anhydride,  or  benzoyl  chloride  had  no  action 
upon  it  and  it  was,  apparently,  inactive  toward  bromine,  which 
acts  on  the  y-acid  briskly. 

Finally,  the  jelly  could  not  be  converted  back  into  the  crys- 
talline acid  by  heating,  standing  in  vacuo,  boiling  with  acids, 
or  alkalies,  followed  by  extraction,  or  by  attempts  at  crystal- 
lization from  various  solvents. 

Salts  of  the  y-Acid. 

Baric  y-Dihydrofurfuran-a,a'-dicarboxylate,  C^H^0(C00)2Ba. 
2^H20. — This  salt  was  made  by  neutralizing  a  hot  solution  of 
the  acid  with  a  solution  of  baric  hydrate.  The  salt,  which  sep- 
arated on  cooling,  was  recrystallized  from  water,  pressed  be- 
tween filter-paper  and  dried  to  constant  weight  in  the  air,  then 
in  vacuo  and  finally  at  160°. 
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0.8026  gram  of  air-dried  salt  lost  0.071 1  gram  at  160°. 

Calculated  for 
C4H40(COO)2Ba2^H20.  Found. 

HH.O  7.98  8.86 

I.  o.  i686  gram  of  the  salt,  dried  at  160**,  gave 0.1257  gram  of 
BaSO,. 

II.  0.2661  gram  salt,  dried  at  190°,  gave  0.2031  gram  BaSO^. 

Calculated  for  Found. 

C4H40(COO)2BaHoO.  I.  II. 

Ba  44-11  43-82  44-92 

The  salt  used  in  II.  had  been  dried  at  190°  and  was  some- 
what decomposed,  as  indicated  by  its  pale  yellow  color.  These 
results  show  that  the  barium  salt  crystallizes  with  2^H20,  one 
of  which  it  retains  even  at  190°.  It  crystallizes  in  white, 
microscopic  plates,  which  are  somewhat  soluble  in  cold  water, 
freely  so  when  heated. 

Argentic  y-dihydrofurfuran-a,a'-dicarboxylate, 
C4H,0(COOAg)2.iHjO.  —  This    was    made    by    adding    ar- 
gentic nitrate  to  an  aqueous  solution  of  the  neutral  ammonium 
salt.     It  resembles  the  salt   of  the  a-acid  in  that  it  contains 
jHjO  which  cannot  be  driven  off  without  decomposition. 

0.1742  gram  of  the  salt  gave  0.17 17  gram  of  AgBr. 

Calculated  for 
C4H40(COOAg)oiH20.  Found. 

Ag  56.66  56.66 

The  salt  crystallizes  in  small,  white  needles,  which  are  sparingly 
soluble  in  cold  water,  much  more  so  in  hot. 

Acid  Potassic  y-Dihydrofoirfura7t-a ,a' -dicarboxylate , 
C,H,OCOOKCOOH.— The  salt  was  prepared  by  neutralizing 
a  solution  of  the  y-acid   with  potassic  hydrate  and  adding  an 
equivalent  amount  of  the  acid.     It  separates  in  very  fine,  white 
crystals,  which  were  recrystallized  from  water. 

0.2875  gram  of  the  air-dried  salt  gave  0.1266  gram  of  K^SO^. 

Calculated  for 
C4H4OCOOKCOOH.  Found. 

K  19.95  19.77 
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The  acid  ammonium  salt  also  can  be  obtained  from  its  solu- 
tions in  crystals,  whereas  we  have  not  succeeded  in  obtaining 
crystals  of  the  neutral  ammonium  or  potassium  salt.  A 
white,  insoluble  lead  salt  was  also  made,  but  was  not  studied. 

Attempts  to  Separate  the  y-Acid  into  its  Optical  Isomers. — No 
conclusive  results  were  obtained  from  this  work,  principally 
because  of  the  diflSculties  introduced  into  it  by  the  tendency  of 
the  acid,  or  its  salts,  to  pass  into  a  jelly,  when  heated  in  solu- 
tion. We  found  it  impossible  to  get  crystals  of  the  salts 
of  the  y-acid  with  brucine,  cinchonine,  or  morphine,  but 
with  strychnine,  or  quinine,  crystalline  salts  were  obtained. 
Fractional  crystallization  of  these  two,  in  most  cases,  led  to 
products,  which  showed  no  rotation  of  the  plane  of  polarized 
light,  but,  in  one  case,  the  strychnine  salt  gave  a  portion, 
which,  after  recrystallization,  was  dissolved  in  water,  acidified 
with  hydrochloric  acid,  filtered  and  the  filtrate  extracted  with 
ether.  Upon  evaporating,  a  clear,  pale  yellow  jelly  was  ob- 
tained, which,  dissolved  in  water,  gave  a  very  minute,  positive 
rotation  of  the  plane  of  polarized  light.  We  think  it  probable, 
therefore,  that  further  work  in  this  direction  will  lead  to  the 
isolation  of  optical  isomers. 

Cambridge,  Mass., 
December  lo,  1904. 


DIPHENYIvSULPHONEORTHOCARBOXYLIC     ACID 
AND  REI.ATED  COMPOUNDS.' 

By  William  Stone  Weedon  and  Howard  Waters  Doughty. 
I.    INTRODUCTION. 

In  1890  Ziegler  prepared  phenylthiosalicylic  acid  from  an- 
thranilic  acid  and  thiophenol : 

1  The  first  portion  of  this  investigation  was  carried  out  by  Dr.  Weedon,  between 
February,  1901,  and  June,  1902.  His  conclusions  were  confirmed  and  the  work  ex- 
tended by  Dr.  Doughty,  January,  1903,  to  June,  1904.  The  results  were  separately  sub- 
mitted to  the  Board  of  University  Studies,  of  Johns  Hopkins  University,  in  conformity 
with  the  requirements  for  the  degree  of  Doctor  of  Philosophy,  June,  1902,  and  June, 
1904,  respectively.  For  the  sake  of  clearness  and  to  avoid  needless  repetition,  it  was 
decided  to  combine  the  dissertations  in  one  paper.  i.  R. 

2  Ber.  d.  chem.  Ges.,  23,  2469. 
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/COOH  /COOH 

CeH/  -         CeH  /  ►- 

\NH,.HC1  ^N^.Cl 

/COOH  /COOH 

CfiH,/  -         C,h/ 

\N,.SC,H,  ^S.C.H, 

He  did  not  isolate  the  intermediate  diazonium  compound. 
By  heating  phenylthiosalicylic  acid  with  concentrated  sul- 
phuric acid  he  obtained  thioxanthone  : 

/COOH  /COv 

CeH,/  =     QH/         XH, +  H,0. 

\S.C,H,  \S/ 

By  the  oxidation  of  thioxanthone,  with  chromic  acid,  he 
obtained  benzophenonesulphone : 

.CO.  .CO. 

CeH/        >C,H,  +  20     =     Qh/         Xh, 

In  1 89 1  Graebe  and  Schultess^  continued  the  investigation 
of  phenylthiosalicylic  acid  and  its  derivatives.  They  isolated 
the  intermediate  diazonium  ether  and  then  investigated  the 
condensation-product,  formed  by  heating  phenylthiosalicylic 
acid  with  sulphuric  acid,  with  the  following  results  : 

Thioxanthone,  reduced  by  means  of  hydriodic  acid  or  zinc 
dust,  gives  diphenylenemethane  sulphide  : 

C,H,/^      \C,H, +  4H     =     C,h/       '^C^H, +  HA 

By  the  oxidation  of  this  product  benzophenonesulphone  is 
formed  ;  the  intermediate  compounds  were  not  isolated. 
They  showed  that  this  substance  is  identical  with  the  one  ob- 
tained by  Beckmann,^  as  a  by-product,  when  benzophenone  was 
subjected  to  the  action  of  fuming  sulphuric  acid. 

When  benzophenonesulphone  is  reduced  by  means  of  hydri- 
odic acid,  in  the  presence  of  red  phosphorus,  diphenylene- 
methanesulphone  is  formed,  which  is  one  of  the  two  possible 

'  Ann.  Chem.  (lyiebig),  263,  i. 

*  Ber.  d.  chem.  Ges.,  6,  1112  ;  8,  992. 
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intermediate  products  between  benzophenonesulphone  and  di- 
phenyleneraethane  sulphide  : 

.CO.  .CH,. 

C,H  /         yC,H,  +  4H     =     C,H  /  >C«H,  +  H,0. 

^so/  \so,  / 

Graebe  and  Schultess  also  showed  that  orthodiazonium- 
toluene  chloride  yields  orthotolylphenyl  sulphide  when  treated 
with  sodium  thiophenolate.  When  the  vapor  of  orthotolyl- 
phenyl sulphide  is  passed  through  a  heated  tube,  diphenylene- 
methane  sulphide  is  formed  : 

/CH3  /^^j\ 

CeH,/  =    c,h/       Xh, +  H, 

\S.CeH,  \S-/ 

This  is  analogous  to  the  formation  of  anthracene  from  ortho- 
benzyltoluene : 

/CH3  r-  /C^sX  -|  /^^\ 

c,h/  -   Qh  /       XhJ^c,h/|     )>C,H,. 

^CH^.C^H,       L  ^CH/  J  \CH/ 

Graebe  and  Schultess  also  treated  phenylthiosalicylic  acid 
with  dilute  nitric  acid  and  obtained  a  product  to  which  they 
gave  the  name  "  sulphobenzideorthocarboxylic  acid"  and 
which  they  considered  to  have  the  formula 

,COOH 


CeH,^ 


\ 


SCCH 


They  analyzed  the  substance  and  obtained  results  in  accord 
with  this  view.     They  did  not  describe  any  salts  of  the  acid. 

The  corresponding  acid  in  the  para  series,  ' '  paraphenyl- 
sulphonebenzoic  acid,"  had  already  been  made  and  described 
in  1878,  by  Michael  and  Adair, ^  who  gave  it  this  name  and 
found  its  melting-point  to  be  over  300°.  They  first  pre- 
pared paratolylphenylsulphone  from  benzenesulphonic  acid, 
toluene  and  phosphorus  pentoxide  and  also  from  toluenesul- 
phonic  acid,  benzene  and  phosphorus  pentoxide.  They  oxi- 
dized this  sulphone,  by  means  of  potassium  permanganate,  in 

1  Ber.  d.  chem.  Ges.,  ii,  ii6. 
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acetic  acid  solution  and  also  in  water  and  obtained  a  small 
yield  of  paraphenylsulphonebenzoic  acid. 

Paratolylphenylsulphone  was  also  made  in  the  same  year, 
1878,  by  Beckurts  and  R.  Otto/  by  the  action  of  toluene  and 
aluminum  chloride  on  benzenesulphone  chloride.  In  1885  R. 
Otto^  made  it  from  toluenesulphone  chloride,  benzene  and  mer- 
cury diphenyl. 

In  1895,  Newell/  working  in  this  laboratory,  made  para- 
phenylsulphonebenzoic acid,  by  oxidizing  paratolyphenylsul- 
phone,  which  he  obtained  by  the  action  of  benzene  and  alu- 
minum chloride  on  paratoluenesulphone  chloride.  He  found 
the  melting-point  of  paraphenylsulphonebenzoic  acid  to  be  273° 
(uncor.),  using  a  Zincke  short-stemmed  thermometer.  He 
made  various  salts,  the  chloride,  amide  and  anilide  of  the  acid 
and,  finally,  by  the  action  of  the  chloride  on  benzene  and  alu- 
minum chloride,  he  obtained  parabenzoyldiphenylsulphone. 

In  1900,  Canter,*  working  in  this  laboratory,  undertook  the 
study  of  the  analogous  compounds  in  the  ortho  series.  He  used 
commercial  orthotoluenesulphone  chloride,  from  which  as  much 
of  the  para  chloride  as  possible  had  been  removed.  This  he 
treated  with  benzene  and  aluminum  chloride  and  obtained  a 
tolylphenylsulphone,  which  he  supposed  to  be  the  ortho  com- 
pound : 

C,h/  +  CeH,  -f  (AICI3)      = 

^SOj.Cl 

/CH3 
CeH,<  +  HCl  -f  (AICI3). 

\SO,.C,H, 

By  oxidizing  this  sulphone  with  potassium  permanganate,  in 
water,  he  obtained  an  acid  which  should  have  the  same  formula 
as  that  assigned  by  Graebe  and  Schultess  to  the  one  prepared 
by  them,  by  oxidizing  phenylthiosalicylic  acid  with  dilute  nitric 
acid  : 

1  Ber.  d.  chem.  Ges.,  ii,  2068. 

2  Ibid.,  18,  249. 

3  This  Journal,  20,  302. 
^Ibid.,  35,  96. 
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/CH3  /COOH 

CeH/  +30     =     C,H/  +HA 

\SO,.C,H,  \S0,C,H, 

The  acid  obtained  by  Canter,  which  he  called  "  orthophenyl- 
sulphonebenzoic  acid,"  was  distinctly  different  from  the  "  sul- 
phobenzideorthocarboxylic  acid"  of  Graebe  and  Schultess.  It 
melted  at  267°-268°  and  contained  no  water  of  crystallization, 
while  the  acid  prepared  by  Graebe  and  Schultess  contained 
iH,0,  melted  at  99°,  lost  its  water  of  crystallization  at  105° 
and,  after  dehydrating,  melted  at  152°.  Canter  also  prepared 
salts  of  orthophenylsulphonebenzoic  acid,  besides  the  chlo- 
ride, amide  and  anilide  and,  finally,  by  treatment  of  the  chlo- 
ride with  benzene  and  aluminum  chloride,  he  obtained  ortho- 
benzoyldiphenylsulphone,  which  he  showed  to  be  identical  with 
the  substance  obtained  by  Remsen  and  Saunders'  from  the 
mixed  chlorides  of  orthosulphobenzoic  acid,  benzene  and  alu- 
minum chloride : 

/CO.  CI 
CeH/  +  QH,  +  (AICI3)      = 

^SOj.C.Hj 

/CO.CeH, 

C,H  /  -f  HCl  +  (AICI3). 

\SO,CeH, 

This  last  reaction  was  accepted  as  proof  of  the  structure  of 
orthophenylsulphonebenzoic  acid  on  the  one  hand  and  of  ortho- 
benzoyldiphenylsulphone  on  the  other.  It  remained,  then,  to 
ascertain  the  cause  of  the  difierence  between  the  ' '  ortho- 
phenylsulphonebenzoic acid"  of  Canter  and  the  "  sulphoben- 
zideorthocarboxylic  acid' '  of  Graebe  and  Schultess. 

The  two  compounds  are  clearly  different  and  as  the  plausi- 
bility of  the  structure  assigned  to  each  is  so  great,  this  investi- 
gation was  undertaken  with  the  view  of  studying  the  oxida- 
tion-product of  phenylthiosalicylic  acid  more  closely,  in  the 
hope  that  the  cause  of  the  discrepancy  might  thus  be  found. 

As  a  possible  explanation  it  appeared  that  Graebe  and 
Schultess  might  have  isolated  the  sulphoxide  instead  of  the 
sulphone. 

1  This  Journal,  17,  362. 
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But  few  cases  are  known  in  which  nitric  acid  is  able  to 
oxidize  an  aromatic  sulphide  to  a  sulphone,  notably  the  fol- 
lowing : 

Stenhouse^  showed  that  phenyl  sulphide  is  changed  into  di- 
phenylsulphone  when  heated,  during  1-2  hours,  with  strong 
nitric  acid. 

Jahoda'^  succeeded  in  preparing  orthonitrobenzylsulphone  by 
heating  orthonitrobenzyl  sulphide,  with  fuming  nitric  acid,  in  a 
sealed  tube,  at  150°  : 

[CeH,(NO,).CHj,S  +  20     =     [CeH,(NO,).CH,]SO, 

Ordinary  concentrated  nitric  acid,  however,  gave  rise  to  the 
sulphoxide  and  potassium  permanganate,  in  excess,  gave  the 
sulphone. 

Potassium  permanganate  accomplishes  the  transformation  to 
the  sulphone  in  many  cases  when  nitric  acid  produces  only  the 
sulphoxide  or  nitrosulphoxide  ;  for  example,  Marcker^  showed 
that  benzyl  sulphide  is  oxidized  to  benzyl  sulphoxide,  by 
treatment  with  cold  nitric  acid  (sp.  gr.  1.3)  : 

(C^H^.CHJ.S  +  O     =     (QH^CHJ.SO. 

If  heat  is  applied  during  the  reaction,  benzoic  and  sulphuric 
acids  result. 

On  the  other  hand,  potassium  permanganate  converts  benzyl 
sulphide  into  benzyl  sulphone.* 

Methyldiphenylamine  sulphide,  S<^  ^N.CHg,  is  trans- 

formed  into  dinitromethyldiphenylaminesulphoxide,^ 

0S<  >N.CH3. 

\C,H3(N0,)/ 

by   the  action   of  fuming   nitric  acid,  whereas,   by   means  of 
potassium  permanganate,  the  sulphone, 

1  Ann.  Chem.  (I,iebig),  140,  290. 

-  Monats.  Chem.,  10,  81. 

3  Ann.  Chem.  (Liebig),  136,  89. 

■*  otto  and  Liiders  :  Ber.  d.  chem.  Ges.,  13,  1284. 

5  Bernthsen  :  Ann.  Chem.  (I,iebig),  230,  73. 
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OX  >N.CH3, 

is  obtained. 

The  formation  of  nitrosulphoxides  is  also  observed  when 

diphenylamine  sulphide,   S<'  yNH,   and  acetyldiphenyl- 

^C  H  ^ 

amine  sulphide,  SC  ^N(C2H30),  are  treated  with  fuming 

nitric  acid. 

When  phenyl  thiorthoformate^  is  treated  with  potassium  per- 
manganate, in  acid  solution,  a  disulphone  results  : 

/S.C5H5 
CH(S.CeH,)3  +  4O     =     CH/ 

If  alkaline  permanganate  is  used  the  trisulphone, 
CH(SOj.CgH5)3,  is  obtained.  When  treated  with  nitric  acid 
the  sulphide  yields  an  unidentified  substance  containing 
nitrogen. 

In  1895,  Bourgeois^  stated  that  he  was  studying  the  action 
of  nitric  acid,  of  various  concentrations,  upon  organic  sulphides, 
but  as  yet  no  paper  by  him  upon  this  subject  has  appeared. 

II.    OXIDATION  OF  PHENYLTHIOSALICYLIC   ACID   WITH   NITRIC 

ACID. 

I.  Preparaiioyi  of  Phenylthio salicylic  Acid, 
.COOH 
CeH/ 

\S.CeH,(^) 

Thiophenol  is  best  prepared  by  the  method  of  Winter' 
which  is  a  modification  of  that  of  Otto.* 

*  Ber.  d.  chem.  Ges.,  33,  1416  ;  25,  348. 
^  Ibid.,  28,  232s. 

3  This  Journal,  31,  572. 

*  Ber.  d.  chem.  Ges.,  10,  3055. 
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The  thiophenol  used  in  this  investigation  was  colorless  and 
boiled  at  168°  (uncor.).^ 

A  mixture  of  34  grams  of  thiophenol,  60  grams  of  sodium 
hydroxide  and  300  cc.  of  water  is  warmed  at  50°.  To  this 
thediazotizedanthranilicacid  is  added,  from  a  dropping-f unnel, 
in  a  thin  stream.  For  the  diazotization,  40  grams  of  anthran- 
ilic  acid,  22  grams  of  sodium  nitrite,  64  cc.  of  concentrated  hy- 
drochloric acid  and  200  cc.  of  water  are  used,  the  temperature 
being  kept  at  2°-5°. 

When  the  sodium  thiophenolate  is  treated  with  the  ortho- 
diazoniumbenzoic  acid  chloride  the  alkaline  solution  becomes 
red  and  nitrogen  is  evolved.  After  this  has  ceased,  the  flask 
is  warmed  on  a  water-bath  for  an  hour,  or  until  all  the  nitro- 
gen is  given  off.  After  cooling,  the  solution  is  acidified  and 
phenylthiosalicylic  acid  is  precipitated  as  a  red,  pasty  mass, 
which  becomes  solid.  It  is  dissolved  in  sodium  carbonate 
solution  and  warmed  slightly.  The  cooled  solution  is  filtered 
from  the  phenyl  disulphide,  which  is  always  formed  by  the  oxida- 
tion of  thiophenol.  These  residues  of  phenyl  disulphide  can  be 
used  in  preparing  thiophenol,  by  simply  heating  with  zinc  dust 
and  acidifying.  The  filtrate  is  again  acidified  carefully  and 
the  phenylthiosalicylic  acid  appears  as  a  voluminous,  reddish 
mass.  This  is  pulverized,  after  it  has  hardened,  then  washed 
well  with  water  and  dried  on  a  porous  plate. 

From  40  grams  of  anthranilic  acid  65-70  grams  of  the  crude 
product  are  obtained  ;  the  theoretical  yield  is  74  grams. 

In  order  to  purify  the  substance  it  is  best  to  proceed  as  fol- 
lows : 

Dissolve  in  hot  alcohol  until  the  solution  is  quite  concentra- 

1  The  experience  of  the  writer  with  thiophenol  leads  him  to  give  a  brief  description 
of  its  physiological  effects.  As  is  well  known,  in  concentrated  form,  it  produces 
severe  burns,  but  even  after  a  momentary  contact  with  the  skin  very  unpleasant  and 
dangerous  effects  may  follow.  After  ten  days  or  more,  an  eruption  appears  at  the 
point  of  contact,  accompanied  by  severe  itching.  The  affected  part  becomes  red  and 
much  swollen,  suppurating  pustules  appear  and,  in  severe  cases,  symptoms  of  blood- 
poisoning  manifest  themselves.  The  treatment  is,  in  general,  that  for  a  severe  burn  : 
exclusion  of  air  and  moisture  and  use  of  an  antiseptic  ointment.  The  vapors  of  thio- 
phenol, when  present  in  considerable  amount,  produce  giddiness  and  headache  and 
have  a  remarkable  effect  upon  the  eyes.  The  lids  droop  audit  is  impossible  to  raise 
them.  After  a  few  minutes  in  the  fresh  air,  this  effect  passes  off,  but  the  eyes  remain 
very  sensitive  to  light.  H.  w.  D. 
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ted.  Allow  to  cool  partially,  until  the  fine  crystals  which  sepa- 
rate convert  the  liquid  almost  into  a  solid.  Filter  the  crystals, 
using  a  Witt  plate  or  Biichner  funnel,  separating  the  deeply- 
colored  mother-liquor  as  completely  as  possible.  Wash  several 
times  with  cold  alcohol.  It  will  be  found  that  but  a  few  crys- 
tallizations are  necessary  to  bring  the  acid  to  a  state  of  com- 
parative purity,  if  the  mother-liquor  is  thoroughly  removed 
and  the  crystals  well  washed  each  time.  For  the  last  crystal- 
lizations it  is  best  to  use  alcohol  of  about  60  per  cent.  The 
residues  contained  in  the  mother-liquors  may,  to  a  certain  ex- 
tent, be  recovered,  but  a  quantity  of  black,  tarry  material  is 
always  present.  The  yield  of  purified  product  is  20  grams 
from  the  above  quantities. 

Phenylthiosalicylic  acid  is  colorless,  melts  at  166°  and,  when 
heated  gently,  sublimes  easily  without  decomposition,  being 
deposited  in  leaflets.  If  heated  at  about  300°,  it  distils  and 
decomposes  into  thioxanthone,  which  collects  in  the  receiver 
in  beautiful  yellow  needles  melting  at  207°.  The  same  transfor- 
mation is  effected  by  warming  with  concentrated  sulphuric 
acid,  in  which  it  dissolves  with  a  very  deep  green  fluorescence. 

Phenylthiosalicylic  acid  crystallizes  from  alcohol  in  leaflets. 
It  is  almost  insoluble  in  cold  water,  slightly  so  in  hot  water  ; 
easily  soluble  in  benzene,  methyl,  ethyl  and  propyl  alcohols, 
ether  and  fairly  so  in  glacial  acetic  acid. 

Graebe  and  Schultess  describe  the  potassium,  ammonium 
and  silver  salts  and  the  ethyl  ester.  The  barium  salt  is  quite 
soluble,  but  apparently  is  incapable  of  being  crystallized. 

Analysis  : 

0.1474  gram  substance  gave  0.3643  gram  COj  and  0.0587 
gram  H^O. 

0.1015  gram  substance  gave  0.1049  gram  BaSO^. 


Calculated  for 
/COOH 

C6H4V 

^S.CsHs 

Found. 

c 

67.78 

67.40 

H 

4-39 

4-45 

S 

13-93 

14.19 
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2.   Oxidation   of  Phenylthiosalicylic  Add  by   Means  of  Dihite 

Nitric  Acid. 
Graebe  and  Schultess  state  that  when  phenylthiosalicylic 
acid  was  heated  with  dilute  nitric  acid  ( i  part  concentrated 
nitric  acid  to  2  parts  water),  they  obtained  an  acid  which 
crystallized  from  alcohol  in  white  needles,  containing  i  mole- 
cule of  water  of  crystallization  and  melting  at  99°.  At  105° 
this  substance  lost  its  water  and,  after  being  dehydrated,  it 
melted  at  152°.  From  the  method  of  its  formation  and  the  re- 
sults of  analyses  they  called  it  sulphobenzideorthocarboxylic 
acid  and  considered  its  formula  to  be  : 

/COOH 
CeH  / 

\SO,CeH, 

They  did  not  make  any  salts  or  other  derivatives. 

We  repeated  the  work  of  Graebe  and  Schultess,  and  obtained, 
as  a  product  of  treating  phenylthiosalicylic  acid  with  dilute 
nitric  acid,  an  acid  which  we  identified  as  diphenylsulphoxide- 
orthocar  boxy  lie  acid,  having  the  formula  : 

/COOH 
CeH/ 

^SO.CeH^ 

Ten  grams  of  phenylthiosalicylic  acid  were  treated,  in  a  large 
test-tube,  with  40  cc.  of  dilute  nitric  acid  (i  vol.  concentrated 
acid  to  2  vols,  water)  and  the  mixture  boiled.  The  material 
becomes  darker  and  oily,  brown  fumes  are  given  off  and  finally 
the  oil,  which  at  first  goes  into  solution,  separates  and  sinks  to 
the  bottom.  The  heating  is  stopped,  water  is  added  and  the 
material  allowed  to  solidify.  It  is  then  pulverized  and  washed. 
Treatment,  upon  the  filter,  with  small  quantities  of  ether,  re- 
moves some  reddish  impurities,  leaving  a  yellow  mass  which 
is  then  crystallized  from  methyl  alcohol.  It  can  also  be 
crystallized  from  ordinary  alcohol,  in  which  it  is  very  soluble, 
being  deposited  in  large  rhombohedrons  which  tend  to  form 
parallel  growths.  From  methyl  alcohol  the  forms  are  more 
elongated  and  prismatic.  As  first  obtained  the  crystals  are 
yellow  and  melt  at   i6i°-i62°.     By  repeated  crystallization, 
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however,  they  become  colorless  and  transparent,  melting  at 
163°.  By  crystallization  from  dilute  ethyl  alcohol  long,  white 
needles  are  deposited.  They  are  arranged  in  bunches  and  greatly 
resemble  the  product  described  by  Graebe  and  Schultess  ;  in 
fact,  as  both  maybe  present  in  the  solution,  it  is  very  difficult, 
in  many  cases,  to  say  whether  the  product  is  homogeneous  ; 
but,  if  the  rhombohedra  are  recrystallized  from  very  dilute 
alcohol  the  needles  are  obtained ;  these  consist  of  dipheny Isulph- 
oxideorthocarboxylic  acid  containing  i  molecule  of  water 
of  crystallization.  When  crystallized  from  water  the  same  re- 
sult is  observed,  but  the  hydrated  form  tends  to  pass  back  to 
the  anhydrous,  rhombohedral  modification  while  in  contact  with 
water. 

The  hydrated  form  has  not  a  definite  melting-point.  It  be- 
gins to  soften  at  about  8o°-85°,  losing  water  of  crystallization 
at  ioo°-io5°  and  melting  completely  at  164°.  If  heated  sud- 
denly, however,  to  a  temperature  of  8o°-90°,  it  melts  and 
foams.  Recrystallization  of  the  hydrated,  needle  form  of  the 
acid  from  pure  methyl  or  ethyl  alcohol  gives  the  anhydrous 
rhombohedra.  Diphenylsulphoxideorthocarboxylic  acid  is  quite 
easily  soluble  in  ordinary  alcohol,  somewhat  less  so  in  methyl 
alcohol.  It  is  very  soluble  in  propyl  alcohol,  readily  so  in  chloro- 
form and  with  difficulty  in  ether.  Hot  water  dissolves  it  very 
sparingly  and  in  cold  water  it  is  practically  insoluble.  It  is  not 
changed  by  heating  with  concentrated,  or  fuming  nitric  acid. 
Heated  with  concentrated  sulphuric  acid  it  dissolves,  forming  a 
red  liquid,  witha  very  deepgreen  fluorescence.  With  thehopeof 
obtaining  a  compound  analogous  to  thioxanthone,  this  solution 
was  heated  for  several  hours  at  110°  and,  after  cooling,  poured 
into  water.  The  dark-colored  material  which  separated  did 
not,  however,  seem  capable  of  crystallization. 

Analysis  of  the  anhydrous  acid  : 

I.  0.18 1 2  gram  substance  gave  0.0647  gram  H^O  and  0.4217 
gram  CO,. 

II.  0.2035  gram  substance  gave  0.071 1  gram  H^O  and  0.4693 
gram  COj. 

III.  0.1620  gram  substance  gave  o.  1581  gram  BaSO^. 

IV.  0.1873  gram  substance  gave  0.18 195  gram  BaSO^. 
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Calculated  for 
-COOH 
C6H4<;  .  Found. 

^SO.CsHs  I. 


C  63.38  63.46  62.89 

H  4.10  3.99  3.91 

S  13.02  13.40  13.36 

As  it  is  impossible  to  obtain  the  hydrated  acid  free  from  the 
anhydrous,  an  accurate  determination  of  the  water  of  crystal- 
lization could  not  be  made.  The  best  specimen  obtained  gave 
the  following : 

0.2024  gram  air-dried  acid  lost  in  weight,  at  105°,  0.0133 
gram. 

Calculated  for 
^COOH 

C6H4y  .H2O. 

^SO.CeHg  Found. 

H,0  6.82  6.08 

Salis  of  Diphenylsulphoxideorthocarboxylic  Acid. 

Barium  Salt. — This  was  prepared  in  the  usual  manner,  by 
digesting  the  acid  with  water  and  excess  of  barium  carbonate, 
filtering  and  evaporating  to  crystallization.  White  needles  or 
prisms  are  deposited,  which  are  often  arranged  in  bunches. 

Analysis  : 

0.1538  gram  air-dried  salt  lost,  at  110°,  0.0229  gram  HjO. 

0.2426  gram  air-dried  salt  lost,  at  110°,  0.0447  gram  HjO. 

0.14645  gram  salt,  dried  at  110°,  gave  0.0533  gram  BaSO^. 

0.1690    gram  salt,  dried  at  110°,  gave  0.0623  gram  BaSO^. 

0.1758    gram  salt,  dried  at  no*',  gave  0.0646  gram  BaSO^. 

Calculated  for 


(             /COO        \ 

1     C6H4<;                   JsBa.SHsO. 

\             ^SO.CeHs/ 

Found. 
I. 

II. 

:,o                18.65 

] 

[8.85 

18.47 

Calculated  for 

/                COO        \ 

1     C6H4/                   joBa. 

\                SO.CeHs/ 

I. 

Found. 
II. 

III. 

a             21.89 

21 

•42 

21.69 

21.62 

Strontium  Salt. — This  was  prepared  like  the  barium  salt 
which  it  resembles  closely  and  with  which  it  is,  apparently,  iso- 
morphous.  The  crystals  are  efflorescent,  so  an  accurate  deter- 
mination of  the  water  could  not  be  made. 
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Analysis : 

0.2235  gram  crystallized  salt  lost,  at  110°,  0.0435  gram  H^O. 
0.2516  gram  crystallized  salt  lost,  at  110°,  0.0491  gram  HjO. 
0.2025  gram  salt,  dried  at  110°,  gave  0.0636  gram  SrSO^. 
0.1869  gram  salt,  dried  at  110°,  gave  0.0583  gram  SrSO^. 


( 


Calculated  for 
/COO 
CsHi^,  l.Sr.SHoO. 

^SCCeHf, 


> 


H,0 


Sr 


1995 


Calculated  for 
/  COO        \ 

V  \sO.C6H5y 

15-17 


19.46 


14-93 


Found. 


Found. 


II. 


19-51 


II. 


14.90 


Calcium  Salt. — This  was  prepared  like  the  strontium  and 
barium  salts.  It  is,  apparently,  isomorphous  with  them  and 
crystallizes  in  groups  of  needles  or  prisms.     Analysis  : 

0.2774  gram  crystallized  salt  lost,  at  110°,  0.0508  gram  H,0. 

0.1966  gram  salt,  dried  at  110°,  gave  0.0503  gram  CaSO^. 


Calculated  for 
/  ,COO        \ 

(  C6H4(  1  oCa.SHoO. 

\  ^SO. 


H,0 


Ca 


)0  Ny 

J-CeH^y 

21.36 

Calculated  for 
/  COO        \ 

(C6H4/  joC 

\  ^SO.CoHsy 

7-55 


Found. 


20.53 


Found. 


7-37 


3- 


Oxidation  of  Phenylthiosalicylic  Add  with  Fuming   'Nitric 

Acid. 


Graebe  and  Schultess,  by  the  action  of  dilute  nitric  acid  on 
phenylthiosalicylic  acid,  obtained  a  product  to  which  they  as- 

.COOH 


signed  the  formula  CgH^- 


/^ 


Upon   repeating   their 


^SO,.C,H, 

experiment  and  following,  as  closely  as  possible,  the  meager  di- 
rections given,  it  was  found  that,  in  most  cases,  the  compound 
described  above  as  the  sulphoxide  was  obtained  in  large  quan- 
tity, but  frequently  very  little  of  the  'desired  substance  could 
be  isolated.     By  the  use  of  concentrated  or  fuming  nitric  acid, 
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the  product  is  almost  wholly  the  one  described  by  Graebe  and 
Schultess. 

To  10  grams  of  phenylthiosalicylic  acid  about  10  cc.  of 
fuming  nitric  acid  are  added  slowly.  Violent  action  takes 
place  immediately  and  a  clear,  dark-red  solution  is  ob- 
tained. If  ordinary  concentrated  nitric  acid  is  used  it  is 
necessary  to  heat  in  a  water-bath  for  a  few  minutes,  to 
effect  complete  solution.  The  product  is  poured  into  water  and 
the  oil  which  separates  allowed  to  solidify  ;  this  may  be  hastened 
by  rubbing  with  a  pestle,  under  cold  water.  The  yellowish 
mass  is  then  pulverized,  washed  well  with  water  and  treated, 
on  the  filter,  with  small  quantities  of  ether  to  remove  the  red- 
dish impurities.  The  product  is  almost  perfectly  white;  it  is 
dissolved  in  warm  alcohol,  in  which  it  is  very  soluble,  the 
solution  is  red.  A  few  cc.  of  water  are  added  and  the  liquid 
is  allowed  to  crystallize. 

Fine,  white  needles,  arranged  in  bunches,  are  deposited  and, 
if  not  too  dilute,  the  liquid  will  become  almost  solid.  These 
crystals  melt  at  99°  and,  when  dehydrated  at  105°,  melt  again 
at  152°.  The  yield  is  7.5  grams  from  10  grams  of  phenylthio- 
salicylic acid. 

When  recrystallized  from  slightly  diluted  alcohol  the  com- 
pound is  unchanged  and  appears  to  be  perfectly  uniform,  but 
after  the  third  or  fourth  crystallization  a  decided  difference  is 
observed  ;  in  addition  to  the  needles,  a  white,  pulverulent  sub- 
stance is  deposited  which  does  not  dissolve  so  readily  in  tepid 
alcohol  and  can  thus  be  separated  from  the  other  compound. 
Continuation  of  the  crystallization  gives  the  same  result  and 
the  needles  no  longer  melt  at  99°,  but  soften  much  lower 
(about  85°)  and  melt  completely  only  at  156°-! 63°.  Recrys- 
tallization  of  the  pulverulent  material  from  alcohol  gives  leaf 
lets,  melting  at  216°. 

When  the  compound  melting  at  99°  was  digested  with  water 
and  barium  carbonate,  for  the  purpose  of  preparing  the  barium 
salt,  two  products  resulted  ;  one  was  found  to  be  barium 
diphenylsulphoxideorthocarboxylate  and  the  other  the  barium 
salt  of  the  acid  melting  at  216°.  The  same  was  observed  in 
the  case  of  the  strontium  and  calcium  salts. 
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It  appears,  then,  that  the  product  described  by  Graebe  and 
Schultess  is  composed  of  two  acids,  diphenylsulphoxideortho- 
carboxylic  acid  and  the  acid  melting  at  216°. 

The  latter  is  formed  only  to  a  small  extent  under  these  condi- 
tions, but  by  boiling  the  solution  of  phenylthiosalicylic  acid  in 
fuming  nitric  acid  for  some  time,  the  yield  was  much  increased. 
As  a  result  of  several  experiments  the  following  method  was 
adopted. 

Ten  grams  of  phenylthiosalicylic  acid  are  placed  in  a  small 
flask  and  20  cc.  of  fuming  nitric  acid  are  added  gradually. 
After  the  first  violent  action  has  subsided  and  the  phenylthio- 
salicylic acid  has  dissolved,  the  flask  is  attached  to  a  reflux 
condenser  and  heated  on  the  water-bath  for  3  hours.  When 
cool,  the  solution  is  poured  into  water.  A  yellow  oil  sepa- 
rates, which  partly  solidifies  after  several  hours.  The  sticky, 
semi-solid  mass  is  heated  in  an  air-bath,  at  110°,  for  an  hour 
and  is  then  dissolved  in  boiling  benzene,  in  which  it  is  diffi- 
cultly soluble.  From  this  solution,  small,  colorless  crystals 
separate,  together  with  a  gummy  product  which  adheres  to 
them.  The  mother-liquor  is  poured  off  and  the  residue  washed 
with  small  portions  of  boiling  benzene,  which  removes  the  gum. 
The  crystals,  as  thus  obtained,  melt  at  216°  (uncor, ),  the  cor- 
rected melting-point  being  222°.  A  qualitative  test  of  the  acid 
melting  at  216"  indicated  the  presence  of  nitrogen  and  a  deter- 
mination, by  the  absolute  method  of  Dumas,  gave  the  follow- 
ing results  : 

6.2437  gram  substance  gave  10.95  cc  =0.01258  gram  N, 

Calculated  for 
.COOH 

(N02).C6H3<;  . 

^SO.CeHs  Found. 

N  4.82  5-15 

The  barium  salt,  prepared  in  the  usual  way,  consists  of  fine 
prisms  or  of  wart-like  masses,  very  difl&cultly  soluble  in  water. 
Analysis : 
0.1268  gram  crystallized  salt  lost  0.0016  H3O  at  130°. 

Calculated  for 

/  .coo  \ 

(    C6H4<  joBa.eHoO. 

\  ^SO.C6H4.N02/  Found. 

H,0  1. 31  129 
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0.1252  gram  salt,  dried  at  130°,  gave  0.0400  BaSO^. 


Calculated  for 

,coo 

^SO.CfiH4.N02  /  Found. 


4.NO2  / 

Ba  19.16  18.80 


From  this  it  is  evident  that  the  acid  melting  at  216"  (un- 
cor. )  is  a  mononitro  derivative  of  diphenylsulphoxideortho- 
carboxylic  acid.  No  attempt  was  made  to  determine  the  posi- 
tion of  the  nitro  group.     The  formula  of  the  acid  may  be 

/COOH  /COOH 

0,NC,H3<(  or  QH  / 

^SO.CeH^  \SO.CeH,.NO, 

When  the  benzene  mother-liquor,  from  which  the  nitro  com- 
pound had  crystallized,  was  evaporated  to  dryness,  a  gummy 
substance  remained.  This  was  dissolved  in  boiling  ethyl  ace- 
tate, from  which  a  relatively  large  quantity  of  small,  white 
leaflets  crystallized  on  cooling.  This  substance  melted  at  163° 
(uncor.)  and  was  diphenylsulphoxideorthocarboxylic  acid. 

It  was  found  that  a  mixture  of  this  acid  with  a  small  pro- 
portion of  the  mononitro  derivative  crystallizes  from  alcohol  in 
white  needles,  melting  at  99°,  losing  water  at  105°  and  melt- 
ing again  at  152°.  It  appears,  from  this,  that  the  acid  described 
by  Graebe  and  Schultess,  melting  at  99°,  is  not  a  definite  com- 
pound, but  a  mixture  of  diphenylsulphoxideorthocarboxylic 
acid  and  a  mononitrodiphenylsulphoxideorthocarboxylic  acid. 

The  yield  of  nitrodiphenylsulphoxideorthocarboxylic  acid  is 
small,  even  when  the  method  of  preparation  just  described  is 
used  and  an  attempt  was,  therefore,  made  to  increase  it. 

Phenylthiosalicylic  acid  was  treated  with  fuming  nitric  acid 
as  before.  The  solution  was  cooled  and  2  volumes  of  concen- 
trated sulphuric  acid  added.  The  flask  was  then  attached  to  a 
reflux  condenser  and  heated  for  3  hours  on  the  water-bath. 
After  cooling,  the  reaction  mixture  was  poured  into  water.  A 
yellowish-white,  semi-solid  mass  separated.  The  acid  solution 
was  separated  and  the  residue  boiled  with  a  little  water,  to 
remove  the  nitric  and  sulphuric  acids.  After  cooling,  the 
^ummy      mass     was      dried      in     an     air-bath,      at      130°, 
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for  several  hours.  It  solidified  on  cooling  and  was  pulverized 
and  boiled  with  benzene.  Most  of  it  dissolved,  the  residue 
was  filtered  off  and  dissolved  in  alcohol,  from  which  it  separated, 
on  the  addition  of  water,  in  very  small,  white  crystals,  melting 
at  about  208°.  The  product  was  evidently  not  homogeneous  and 
it  was  not  found  possible  to  purify  it.  The  barmm  5aZ/ was  made 
and  analysis  indicated  its  derivation  from  a  mixture  of  dinitro- 
and  trinitrodiphenylsulphoxideorthocarboxylic  acids,  with^ 
perhaps,  some  of  the  mononitro  compound.  Analyses  : 
0.2436  gram  air-dried  salt  lost  0.0271  gram  HjO  at  180°. 

H,0  1 1. 12 

I.   0.1793  gram  anhydrous  salt  gave  0.0489  gram  BaSO^. 
II.  o.  1271  gram  anhydrous  salt  gave  0.0349  gram  BaSO^, 

Calculated  for  Found. 

(C,3H;03S(N02)2)2Ba.    (Ci3H«03S(NOo)3)2Ba.  I.  II. 

Ba  17.02  15.28  16.05  16.06 

The  acid  melting  at  about  208°  was  analyzed  by  the  ab.solute 
method. 

0.1845  gram  substance  gave   15.00  cc.  N  =  0.0173  gram  N.. 

Calculated  for 
Ci3Hg03S(N02)2.  Ci3H703(N02)3.  Found. 

N  8.36  12.53  9-39 

Owing  to  lack  of  time  this  product  was  not  studied  further. 

III.    DIPHENYLSUI,PHONEORTHOCARBOXYLIC  ACID. 

7.  Oxidation  of  Phenylthio salicylic  Acid  by  Means  of  Potassium 
Permanganate. 
By  the  use  of  potassium  permanganate  it  was  hoped  that 
the  sulphone  obtained  by  Canter  would  be  formed.  The  prod- 
uct is,  however,  not  identical  with  that  sulphone,  although  its 
general  reactions  and  analyses  seem  to  show  that  it  should  be 
represented  by  the  formula 

/COOH 
\SO,C,H, 
These  facts  will  be  discussed  later. 
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Diphenylsulph  on  eorthoca  r boxy  lie  A  ctd, 
/COOH 


\SO,.CeH, 

For  the  preparation  of  this  acid  either  phenylthiosalicylic 
acid  or  diphenylsulphoxideorthocarboxylic  acid  may  be  used. 
The  products  were  carefully  examined  and  proved  to  be  iden- 
tical. 

Ten  grams  of  phenylthiosalicylic  acid  were  placed  in  a  3-liter 
round  flask,  containing  about  2  liters  of  water.  The  flask  was 
heated  on  a  water-bath,  while  steam  was  passed  in  and  finely 
ground  potassium  permanganate  added  from  time  to  time,  in 
small  portions,  until  slightly  more  than  the  calculated  amount 
had  been  used.  The  oxidation  proceeded  rapidly  and  was  usually 
complete  in  about  an  hour  and  a  half.  The  excess  of  perman- 
ganate is  reduced  by  means  of  a  few  drops  of  alcohol  and,  after 
filtration,  the  solution  is  evaporated  to  100-200  cc.  After  cool- 
ing, diphenylsulphoneorthocarboxylic  acid  is  precipitated  as  an 
oil,  by  addition  of  hydrochloric  acid,  solidification  being  in- 
duced by  rubbing  with  a  pestle,  under  cold  water.  The  white 
mass  is  then  pulverized  and  washed  well  with  water.  It  is  best 
crystallized  from  benzene,  from  which  it  is  deposited  in  white 
needles,  melting  at  143°.  Other  solvents  are  unsatisfactory  for 
its  crystallization.  It  is  extremely  soluble  in  methyl,  ethyl  and 
propyl  alcohols,  ether,  glacial  acetic  acid  and  acetone  ;  almost 
insoluble  in  water  and  ligroin.  With  care  it  can  be  crystallized 
from  alcohol  or  acetic  acid,  by  the  addition  of  water,  but  in  most 
cases  it  appears  as  an  oil.  When  deposited  as  crystals  from 
these  mixtures,  it  forms  clusters  of  needles,  which,  if  pressed 
quickly  between  filter-paper  and  the  melting-point  taken  imme- 
diately, do  not  melt  at  143°,  but  often  much  lower,  usually 
near  100°.  If  allowed  to  stand  in  contact  with  the  air  for  a 
short  time,  the  higher  melting-point  is  obtained.  This  seems 
to  indicate  that  water  of  crystallization  is  present,  but  is  lost 
upon  exposure  to  the  air.  When  heated  with  water  alone, 
some  of  the  acid  dissolves  and,  upon  cooling,  these  same  crys- 
tals are  obtained,  together  with  the  syrup.     If  a  great  deal  of 
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water  is  used  and  the  solution  allowed  to  evaporate  slowly^ 
beautiful  clear  prisms  are  frequently  deposited,  which  seem  to 
be  of  the  triclinic  or  rhombohedral-hexagonal  system.  They 
contain  1.5  H^O,  are  efflorescent  and  melt  at  51°. 5. 

The  reactions  of  diphenylsulphoneorthocarboxylic  acid  show 
it  to  be  a  stable  substance.  Apparently  no  decomposition 
takes  place  at  190°;  above  this  some  volatile  products  are 
formed,  but  high  heat  is  necessary  to  cause  any  marked  change 
in  color.  It  is  unchanged  by  dilute  or  concentrated  nitric 
acid. 

When  fused  for  several  hours,  in  a  silver  crucible,  with 
potassium  hydroxide,  at  180°  or  at  210°,  it  is  decomposed,  an 
odor  similar  to  that  of  diphenyl  being  observed  during  the 
fusion.  After  cooling,  the  residue  dissolves  in  water  and,  on 
acidifying,  the  odors  of  phenol,  thiophenol  and  sulphur  diox- 
ide were  noticed  and  the  solution  became  milky.  Evapora- 
tion of  the  liquid  to  a  small  volume  yielded  fine,  white  crystals 
which  were  recrystallized  from  alcohol;  white  needles  or 
prisms  of  salicylic  acid  were  obtained,  which  melted  at  155°- 
156°  and  gave  the  color  reaction  with  ferric  chloride.  These 
products  are  what  we  should  expect  from  a  substance  having 
the  formula  given  above. 

No  change  was  observed  in  the  properties  of  diphenylsul- 
phoneorthocarboxylic  acid  when  it  is  boiled,  with  aqueous  potas- 
sium hydroxide,  for  6  hours,  or  for  2  hours  with  pyridine,  in 
which  it  is  very  soluble. 

Heated  with  concentrated  sulphuric  acid  it  dissolves,  giving 
a  beautiful  fluorescence  and  is  transformed  into  benzophenone- 
sulphone. 

In  alcoholic  solution  the  acid  does  not  rotate  the  plane  of 
polarization. 

The  corresponding  compound,  prepared  by  Canter  and  desig- 
nated orthophenylsulphonebenzoic  acid,  is  readily  soluble  in 
alcohol  and  crystallizes  in  small,  clear  plates.  The  melting- 
point  given  is  267°-268°  (uncor.).  Dififerences  are  also  ob- 
served when  the  salts  of  the  two  acids  are  compared. 

Analysis  of  the  rhombohedral  crystals,  obtained  from  aqueous 
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solution  and  of  the  anhydrous  acid,  gave  the  following  re- 
sults : 

0.2002  gram  acid,  melting  at  51  ".5,  lost,  at  110°,  0.0183 
gram  H,0. 

0.1828  gram  acid,  melting  at  51°. 5,  lost,  at  110°,  0.0179 
gram  HjO. 


Calculated  for  Found. 

-COGH 
[4<  .iJHsO.  I.  II. 

^SOs.CeHs 


H,0  9.35  9-14  9-79 

0,1986  gram  anhydrous  acid  gave  0.4329  gram  COj  and 
0.0656  gram  HjO.  . 

0.2177  gram  of  anhydrous  acid  gave  0.4699  gram  CO^  and 
0.0721  gram  HjO. 

0.2144  gram  of  anhydrous  acid  gave  0.1878  gram  BaSO^. 

0.1927  gram  of  anhydrous  acid  gave  0.1703  gram  BaSO^. 


Calculated  for 
,COOH 
C6H4< 

^SOj.CsHg 

Found. 
I.                            II. 

c 

H 

S 

59-51 

3-85 

12.23 

59.44                  58.86 

3-70                 3-77 
12.09                  12.14 

Salts  of  Diphenylsulphoneorihocarboxylic  Acid. 

Calcium  Salt. — When  this  is  deposited,  slowly,  from  solution 
it  forms  beautiful  pearly  plates,  arranged  in  clusters,  contain- 
ing 9  molecules  of  water.  Care  must  be  used  in  crystal- 
lizing the  salt,  otherwise  a  mixture  results,  with  a  variable 
amount  of  water  of  crystallization. 

The  salt  loses  nearly  all  its  water  of  crystallization  at  115°, 
but  does  not  give  up  the  last  portion — apparently  half  a  mole- 
cule— below  175°,  This  at  first  caused  an  error  in  the  anal- 
ysis of  the  salt,  the  percentage  of  calcium  being  found  to  be 
low.  The  dehydration  of  the  salt  was  studied  more  carefully, 
with  the  result  mentioned, 

0.2 156  gram  of  crystallized  salt  lost  in  weight,  at  1 15°,  0.0469 
gram  and,  at  175°,  0.0479  gram. 

o.  1941  gram  of  crystallized  salt  lost  in  weight,  at  115°,  0.0420 
gram  and,  at  175°,  0,0429  gram. 
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0.1677  gram  dry  salt  gave  0.0407  gram  BaSO^. 
0.15 1 2  gram  dry  salt  gave  0.0363  gram  BaSO^. 


Calculated  for 

f              -COO         \ 

C6H4<                   jjCa.gHoO. 

Found. 
I.                              II. 

8i  H,p 

21.77 

21.75                   21.63 

9H,0 

22.37 
Calculated  for 

22.21                   22.10 

1 

f           ,coo       \ 

C6H4<;                    1  oCa. 

Found. 
I.                            II. 

Ca 

7.II 

7.14                     7.06 

Barium  Salt. — This  crystallizes  in  groups  of  needles,  which 
are  possibly  not  uniform,  consisting  apparently  of  hydrous  and 
anhydrous  salt.  Determinations  of  the  water  of  crystallization 
are,  therefore,  unreliable.  All  the  water  is  not  completely  ex- 
pelled below  175°.  This  is  probably  similar  to  the  case  of  the 
calcium  salt. 

0.1755  gram  crystallized  salt  lost  in  weight,  at  120°,  0.0040 
gram. 

0.1755  gram  crystallized  salt  lost  in  weight,  at  175°,  0.0058 
gram. 

0.2295  gram  crystallized  salt  lost  in  weight,  at  175°,  0.0076 
gram. 

0.1998  gram  crystallized  salt  lost  in  weight,  at  175°,  0.0068 
gram. 

0.2219  gram  dried  salt  gave  0.0781  gram  BaSO^. 

0.1930  gram  dried  salt  gave  0.0681  gram  BaSO^, 

Calculated  for  Found. 

/         .coo       \ 

(  C(iH4<  UBa.iJHoO.       I.  II.  III. 

V  SO2.C6H5; 

H,0  2.66  2.28  .    . 

i^H.O  3-93  3-30         331  3-40 

Calculated  for  Found. 

(CeHi;  jjBa.  I.  II. 

\  ^SOj.CaHs/ 

Ba  20.83  20.71  20.77 

Strontium  Salt. — As  in  the  case  of  the  barium  salt,  a  suffi- 
ciently uniform  rate  of  deposition  is  very  difficult  to  ob- 
tain, in  consequence  of  which  the  quantity  of  water  of  crystal- 
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lization  is  possibly  unreliable.  The  salt  is  not  completely  de- 
hydrated below  185°  and  no  accurate  determinations  of  the 
amount  of  water  retained  at  lower  temperatures  could  be  made. 

0.2198  gram  crystallized  salt  lost  in  weight,  at  185°,  0.0398 
gram. 

0.1800  gram  dehydrated  salt  gave  0.0535  gram  SrSO^. 

Calculated  for 

/  coo      \ 

[C^n^f  l2Sr.7jH20.  Found. 

\  ^SO-jCsHs/ 

7^H,0  18.14  18.18 

Calculated  for 

(  C«H4<;  1 2Sr.  Found. 

V  \s00CeH5y 

Sr  14.35  14-20 

2.  Benzophenonesulphone , 
.CO. 

c,h/      >c,h. 

This  substance  was  first  described  by  Beckmann/  who  ob- 
tained it  as  a  by-product  in  the  treatment  of  benzophenone 
with  fuming  sulphuric  acid.  Graebe  and  Schultess"  obtained 
it  by  the  oxidation  of  thioxanthone  by  means  of  chromic  acid, 

.COv  /COv 


C,H,<(^     ^C,H,    -    c,h/      \aH. 


and  showed  it  to  be  identical  with  Beckmann's  product.  It 
occurred  to  us  to  try  the  action  of  concentrated  sulphuric  acid 
upon  diphenylsulphoneorthocarboxylic  acid,  in  order,  if  possi- 
ble, to  effect  a  dehydration  similar  to  that  accomplished  in  the 
case  of  phenylthiosalicylic  acid.  Several  grams  were  heated  at 
125°,  for  14  hours,  with  concentrated  sulphuric  acid.  After 
cooling,  the  material  was  poured  into  cold  water  and  the  ca- 
seous precipitate  was  filtered,  washed,  dissolved  in  alcohol  and 
allowed  to  crystallize.  Very  long,  clear,  slightly  yellow  prisms 
were  deposited,  which  melted  at  184°. 5. 

The  color  reactions  given  by  Graebe  and  Schultess  for  the 

'  Ber.  d.  chem.  Ges.,  6,  1112  ;  8,  992. 
2  Ann.  Chem.  (r,iebig),  263,  i. 
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identification  of  this  compound  were  fully  verified.  Upon  be- 
ing heated  with  alcohol  and  strong  potassium  hydroxide  a  deep 
blue  coloration  is  formed,  which  disappears  when  the  solution 
is  cooled  and  reappears  when  heated.  By  heating  with  aque- 
ous alkali  and  zinc  dust  the  same  color  is  developed,  but  is  de- 
stroyed by  continued  action.  If  the  solution  is  filtered  and 
allowed  to  stand,  fine  crystals  appear. 

Benzophenonesulphone  gives  other  color  reactions.  When 
heated  with  phenol  and  concentrated  sulphuric  acid,  for  a  few 
minutes  and  then  dissolved  in  alkali,  a  pink  color  is  developed 
on  warming  which  disappears  when  the  solution  is  cooled.  If 
heated  with  resorcinol  and  concentrated  sulphuric  acid  and  the 
product  dissolved  in  dilute  sodium  hydroxide,  the  solution  be- 
comes red  with  a  deep-green  fluorescence. 

Analysis  : 

0.1294  gram  substance  gave  0.3023  gram  CO^  and  0.0401 
gram  H^O. 

Calculated  for 
.CO  , 
C6H4'  /C6H4.  Found. 

SOa^ 

C  63.90  63.86 

H  3-31  3-62 

Benzophenonesulphone  was  also  prepared  by  the  method  of 
Graebe  and  Schultess,  from  thioxanthone  and  was  found  to  be 
identical  with  that  prepared  from  diphenylsulphoneorthocar- 
boxylic  acid.  Thus  we  have  the  following  relation  established 
between  phenylthiosalicylic  acid  and  diphenylsulphoneortho- 
carboxylic  acid  : 


/COOH                                  /COOH 
^^S.C^H.C^)                             \SO,.CeH,(c;) 

T                                                                               T 

.CO. 

.CO. 
->        C«H  /        XH, 

\so/ 

A  further  proof  of  the  relation  between  phenylthiosalicylic 
acid  and  diphenylsulphoneorthocarboxylic  acid  is  furnished  by 
the  following  experiment : 
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(^)  An  intimate  mixture  of  phenylthiosalicylic  acid  with 
6  times  its  weight  of  powdered  lime,  was  heated  in  a  small 
retort.  A  yellow  oil  distilled  over  and  feathery  needles  ap- 
peared in  the  distillate,  this  being  due,  probably,  to  the  sub- 
limation of  some  phenylthiosalicylic  acid.  The  distillate  was 
washed  with  sodium  carbonate  solution,  to  remove  this  un- 
changed phenylthiosalicylic  acid,  the  yellow  oil  extracted  with 
ether,  dried  and  distilled.  After  the  ether  had  passed  off  the 
temperature  rose  rapidly  to  286°.  The  portion  which  came 
over  between  286°  and  292°  was  collected.  Pure  phenylsul- 
phide  boils  at  292°.5  (Stenhouse).  The  distillate  was  a  yel- 
low oil  and  had  an  odor  suggestive  of  volatile  sulphides.  It 
was  dissolved  in  concentrated  sulphuric  acid,  warmed  gently  and 
chromic  anhydride  added,  in  small  portions,  until  the  solution 
showed  a  reddish  color.  The  mixture  was  then  poured  into 
cold  water,  the  yellow  precipitate  filtered,  washed,  dried  and 
dissolved  in  benzene,  from  which  it  crystallized  in  rhombic 
plates.  Recrystallized  from  alcohol,  it  was  obtained  pure  in 
colorless,  rhombic  plates,  which  melted  at  124°  (uncor.)  ;  126** 
(cor.). 

{b)  In  the  same  manner,  diphenylsulphoneorthocarboxylic 
acid  was  heated  with  lime.  A  yellow  oil  distilled  over,  which 
solidified,  on  cooling,  to  a  yellow  crystalline  mass.  It  was 
dissolved  in  benzene,  from  which  it  crystallized  in  rhombic 
plates.  These  were  recrystallized  from  alcohol  and  formed 
colorless,  rhombic  plates,  melting  at  124°  (uncor.)  ;  126° 
(cor.). 

A  mixture  of  the  two  specimens,  thus  prepared,  showed  no 
change  in  the  melting-point. 

The  melting-point  of  pure  diphenylsulphone  is  123°.  75  (un- 
cor.).^ 

The  conclusions  from  these  experiments  may  be  expressed 
thus : 

1  The  question  of  the  melting-point  of  diphenylsulphone  has  been  very  carefully 
investigated  by  Mr.  Bradshaw,  in  this  laboratory,  during  the  present  year.  He  found 
that  the  melting-point  is  i23°.75  (uncor.)  no  matter  by  what  method  the  sulphone  is 
obtained,  if  its  purification  is  complete.  The  melting-point  of  diphenylsulphone  is 
variously  recorded,  the  values  ranging  from  i24°-i28°  (uncor.). 
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/COOH  ,COOH 

\S.QH,(^)  \S0,.C«H,(^) 

I  I 

C,H,.S.C,H,  ^  CeH,.SO,.C,H, 

Considering  the  results  in  connection  with  the  formation  of 
benzophenonesulphone,  as  described  above,  there  can  be  no 
doubt  that  the  structure  of  diphenylsulphoneorthocarboxylic 
acid  is  really  as  represented. 

J,    Chloride  of  Diphenylsulphoneorthocarboxylic  Acid, 
/COCl 

This  compound  was  prepared  by  treating  the  free  acid  with 
phosphorus  pentachloride,  in  slight  excess  of  the  calculated 
amount.  No  change  was  observed  at  the  ordinary  tempera- 
ture, but  by  heating  upon  the  water-bath  the  reaction  pro- 
ceeded rapidly,  the  whole  becoming  liquid  and  bright  red. 
The  mass  was  then  heated  in  a  sulphuric-acid  bath,  to  125°, 
for  several  hours,  to  expel  phosphorus  oxychloride. 

After  cooling,  it  is  treated  with  ice- water,  pulverized, 
washed  with  ice-water  and  dried  between  sheets  of  bibulous 
paper.  The  color  fades  rapidly  as  the  compound  becomes  dry 
and  when  perfectly  free  from  water  it  is  colorless.  The  chloride 
crystallizes  well  from  ether  in  long,  clear,  colorless  prisms  or 
needles,  which  melt  at  79°  (uncor.)  ;  80°  (cor.).  It  is  easily 
soluble  in  ether  and  benzene,  with  difficulty  in  ligroin.  It  is 
very  stable  and  is  not  acted  on  by  cold  dilute  alkali.  It  dissolves 
sparingly  in  boiling  dilute  alkali  and  diphenylsulphoneortho- 
carboxylic  acid  is  precipitated  on  acidifying.  A  specimen  of 
the  chloride  was  exposed  to  the  air  for  3  weeks,  but  the  melt- 
ing-point was  not  changed. 

The  chlorine  was  determined  by  boiling  with  aqueous  potas- 
sium hydroxide,  for  i  hour,  acidifying  with  nitric  acid  and 
treating  with  silver  nitrate. 

0.1430  gram  chloride  gave  0.07 11  gram  AgCl. 
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Calculated  for 

/COCl 
C6H4<;  .  Found. 

SO2C6H5 

CI  12.63  12.29 

^ .   Diphenylsulphoneorthocarboxylamide. 

When  diphenylsulphoneorthocarboxylic  chloride  is  allowed 
to  stand  with  concentrated  ammonia,  at  the  ordinary  tempera- 
ture, for  24  hours,  the  amide  is  formed,  an  appreciable  amount 
of  heat  being  evolved  during  the  first  few  minutes.  The  solid 
product  thus  obtained  is  filtered,  washed  and  dissolved  in 
boiling  water,  filtering,  if  necessary,  from  any  unchanged 
chloride.  On  cooling,  the  amide  crystallizes  in  slender,  pure- 
white  needles,  which  form  a  semi-solid  mass  if  the  solution  is 
not  too  dilute.  These  melt  at  I7i°-i7i°.5  (uncor.)  ;  175°- 
175°- 5  (cor. ).  As  is  the  case  with  all  the  derivatives  of  di- 
phenylsulphoneorthocarboxylic  acid,  the  amide  is  a  very  stable 
compound.  It  was  found  to  be  impossible  to  make  a  satisfac- 
tory determination  of  nitrogen  by  the  Kjeldahl  method,  or  by 
the  Gunning  modification,  using  sulphuric  acid  and  potassium 
sulphate.  When  the  latter  was  used  benzophenonesulphone 
sublimed  into  the  upper  portion  of  the  digestion-flask  and  was 
deposited  in  v^xy  fine  crystals.  This  reaction  may  be  ex- 
pressed thus  : 

/CONH,  /COv 

C,h/  =     C,h/         Xh, +  NH, 

\S0,C,H,(^)  \S0/ 

The  determinations  were,  therefore,  too  low,  by  about  1.0-0.5 
per  cent.     Dumas'  absolute  method  gave  a  better  result  : 

0.4215  gram  amide  gave  17.4  cc.  N  under  standard  condi- 
tions =  0.02176  gram  N. 


Calculated  foi 
/CONHo 
Q^\{  .  Found. 

^SOa.CsHs 


N  5-37  5.16 

5.   Diphenylsulphoneorthocarboxylic  Anhydride. 

A  mixture  of  i  gram  of  diphenylsulphoneorthocarboxylic 
chloride  with  1,2  grams  of  the  acid  was  placed  in  a  dry  test- 
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tube  and  heated,  in  a  sulphuric-acid  bath,  at  135°-! 50°,  for 
several  hours.  The  mass  became  liquid  and  hydrochloric 
acid  was  evolved  freely.  After  about  3  hours  the  tube  was  al- 
lowed to  cool.  The  contents  solidified  to  a  dark-brown,  crys- 
talline mass,  which  was  dissolved  in  boiling  benzene,  boiled 
with  animal  charcoal  and  filtered.  On  cooling,  small,  irregu- 
larly shaped,  colorless  crystals  separated,  which  melted  at  143°. 
The  method  of  formation  and  the  analyses  of  the  substance 
show  it  to  be  the  anhydride  of  diphenylsulphoneorthocar- 
boxylic  acid, 


CeH, 


ySO,C,H, 


CbH/ 


CO 

> 

CO 


^SO,.C,H, 

This  anhydride  is  exceedingly  stable  towards  alkali.  Boiled 
for  an  hour  with  concentrated  sodium  hydroxide,  there  was  no 
perceptible  change.  It  dissolves  in  concentrated  sulphuric  acid 
and  when  this  solution  is  heated  at  130°,  for  10  hours,  the  an- 
hydride is  converted  into  benzophenonesulphone.  The  prod- 
uct thus  obtained  was  identical  with  that  prepared  by  the  similar 
treatment  of  diphenylsulphoneorthocarboxylic  acid  and  also 
with  that  obtained  by  oxidizing  thioxanthone.  The  anhydride 
is  soluble  in  boiling  alcohol,  from  which  it  crystallizes  in  small, 
hard,  colorless  crystals  melting  at  145°  ;  the  crystals  from  the 
benzene  solution  melt  at  143°.  When  equal  portions  of  the 
anhydride,  crystallized  from  benzene  and  from  alcohol,  re- 
spectively, are  mixed  the  melting-point  of  the  mixture  is 
144°.  The  corrected  melting-point  of  the  anhydride,  from 
benzene,  is  146°  ;  from  alcohol,  148°. 

Analyses : 

I.  0.2483  gram  substance  gave  0.5580  gram  CO,  and  0.0678 
gram  H,0. 

II.  0.2408  gram  substance  gave  0.5483  gram  CO,  and  0.0760 
gram  H,0. 
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III.  0.3035   gram   substance    gave   0.6901    gram   COj   and 
0.0909  gram  HjO. 


Calculated  for 

C     ^        «fc.64 

I. 

Found. 
II. 

III. 

61.28 

62.09 

62.00 

^Xa     3.58 

3-03 

3-50 

3-35 

^^(LiJ'J  6'  Ethyl  Diphenylsulpho7ieorthocarboxylate. 

Two  grams  of  the  chloride  were  boiled,  for  a  few  minutes, 
with  about  50  cc.  of  absolute  ethyl  alcohol.  The  chloride  dis- 
solved. Water  was  added,  until  precipitation  was  almost 
effected  and  the  solution  allowed  to  cool.  Bunches  of  color- 
less, feathery,  radial  needles  separated  out  after  standing  a 
short  time.  These  melted  at  77°-78''  (uncor.)  ;  78°-79° 
(cor.). 

The  ester  is  saponified,  with  some  difl&culty,  by  boiling  with 
a  10  per  cent  solution  of  sodium  hydroxide.     Analysis  : 

0.2317  gram  ester  gave  0.5234  gram  CO3  and  0.1029  gram 
H,0. 

Calculated  for 
.COOC2H5 
C«H4;  .  Found. 

^SOo.CfiHs 

C  62.06  61.58 

H  4-83  4-93 

7.  Methyl  Diphenylsulphoneorthocarboxylate. 

The  chloride  was  boiled  with  methyl  alcohol  and  water 
added  to  the  solution,  which  was  then  allowed  to  cool.  A 
slightly  yellowish  oil  separated,  which  solidified  on  standing. 
Long,  prismatic,  tabular  crystals  also  appeared.  Recrystalliza- 
tion  from  methyl  alcohol  gave  rectangular  plates,  arranged  in 
tiers,  resembling  a  roof,  the  top  plate  being  much  smaller  than 
the  bottom  one  and  the  series  forming  steps.  These  melted  at 
63°. 
8.   Molecular  Weight  of  Diphenylsulphoneorthocarboxylic  Acid. 

Determinations  of  the  molecular  weight  of  diphenylsulphone- 
orthocarboxylic  acid,  in  benzene  and  in  alcohol,  gave  results  as 
follows  : 
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1.  1.2800  grams  of  the  diphenylsulphoneorthocarboxylic 
acid,  dissolved  in  38.8300  grams  of  absolute  ethyl  alcohol,  raised 
the  boiling-point  o°.i42  (cor.  for  barometer),  corresponding  to 
a  molecular  weight  of  266. 

2.  0.3600  gram  diphenylsulphoneorthocarboxj'lic  acid,  in 
42.8700  grams  of  anhydrous,  thiophene-free  benzene,  raised  the 
boiling-point  o°.o82,  corresponding  to  a  molecular  weight  of 
283. 

3.  0.8981  gram  of  the  diphenylsulphoneorthocarboxylic 
acid,  dissolved  in  42.8700  grams  of  anhydrous,  thiophene-free 
benzene,  raised  the  boiling-point  0°.  211,  corresponding  to  a 
molecular  weight  of  275. 

The  calculated  molecular  weight  of  diphenylsulphoneortho- 
carboxylic  acid  is  262. 

9 .    Orihobenzoyldiphenylsulphone , 
/CO.CeH, 

\S0,.C,H, 

This  compound  was  first  prepared  by  Remsen  and  Saunders,' 
by  treating  the  ^-orthosulphobenzoic  chloride  with  benzene 
and  aluminum  chloride.  The  mixed  chlorides  gave  the  same 
product. 

Canter  also  obtained  the  compound  in  a  similar  manner  from 
orthophenylsulphonebenzoic  chloride  (from  orthotolylphenyl- 
sulphone). 

As  our  acid  and  chloride  are  quite  different  from  Canter's,  it 
became  of  interest  to  know  whether  the  chloride  of  the  former 
acid  would  yield  the  same  product  as  that  of  the  latter,  by 
the  Friedel-Crafts  reaction.     This  was  found  to  be  the  case. 

Twenty  grams  of  the  chloride  are  dissolved  in  about  250  cc. 
of  benzene  and  about  25  grams  of  aluminum  chloride  added,  in 
portions,  at  intervals  of  about  2  hours,  the  whole  operation  re- 
quiring about  9-10  hours.  The  flask  is  heated  upon  a  water- 
bath  and  provided  with  a  condenser. 

The  benzene  soon  becomes  yellowish  and  fluorescent  and 
this  increases  as  the  action  proceeds.     When  hydrochloric  acid 

1  This  Journal,  17,  362. 
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ceases  to  be  evolved,  the  contents  of  the  flask,  consisting  of 
the  dark-colored  benzene  solution  and  a  tarry  mass  below,  are 
poured  into  water.  After  shaking  well  and  separating  the 
benzene,  the  water,  which  becomes  milky,  is  again  extracted 
several  times  with  benzene.  The  latter  is  evaporated  and  the 
dark-colored  residue  crystallized  from  alcohol  or  benzene. 
Animal  charcoal  decolorizes  the  solution  to  some  extent,  but 
the  product  was  never  obtained  colorless.  It  is  deposited  in 
flakes  and  melts  at  183°,  after  several  crystallizations. 

0.1882  gram  substance  gave  0.4856  gram  CO2  and  0,0678 
gram  HjO. 

Calculated  for 
^CO.CeHs 

^SOo.CeHs  Found. 

C  70-76  70-36 

H  4.39  403 

Several  grams  of  the  substance  were  fused  with  potassium 
hydroxide,  in  a  silver  crucible,  the  temperature  being  grad- 
ually raised  to  210°  and  maintained  there  for  about  a  half 
hour.  Upon  cooling  and  treating  with  water  the  substance 
partially  dissolved,  forming  a  yellowish  solution.  After  fil- 
tration and  acidification  the  odor  of  benzoic  acid  was  at 
once  observed  and  this,  together  with  potassium  chloride,  was 
deposited.  It  crystallized  from  alcohol  in  needles,  melting  at 
120°.  The  portion  insoluble  in  water  was  crystallized  from  alco- 
hol, plates  of  diphenylsulphone,  melting  at  124°,  being  deposi- 
ted. 

IV,    OXIDATION  OF  ORTHOTOLYLPHENYL  SULPHIDE.^ 

As  the  acid  obtained  by  Canter  had  resulted  from  the  oxi- 
dation of  the  methyl  group  of  orthotolylphenylsulphone  and 
diphenylsulphoneorthocarboxylic  acid  had  been  formed  by  the 
oxidation  of  the  sulphide  group  of  phenylthiosalicylic  acid,  it 
was  thought  possible  that,  by  the  simultaneous  oxidation  of 
both  groups,  it  might  be  possible  to  obtain  both  products.  For 
this  purpose  orthotolylphenyl  sulphide  was  prepared  by  the 
method  of  Graebe  and  Schultess,^ 

1  The  investigation,  up  to  this  point,  was  conducted  by  Weedon,  in  1902, 
and  repeated  by  Doughty  in  1903-1904.  The  remainder  of  the  work  was  done  by 
Doughty. 

2  Loc.  cti. 
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I.   Orthotolylphenyl  Sulphide. 

The  method  employed  in  the  preparation  of  this  compound 
is  entirely  analogous  to  that  used  for  obtaining  phenylthio- 
salicylic  acid.     The  reactions  are  : 

/CH3  /CH, 

CeH/  -  C,h/  ^ 

^NH,  \N,CI 

yCHj  /CII3 

CeH/  ^  C,H/ 

\N,S.CeH3  ^S.CeH, 

The  orthotoluidine,  b.  p.  195°-! 96°,  was  redistilled  twice 
before  using. 

Orthotoluidine  (31  grams)  were  mixed  with  concentrated 
hydrochloric  acid  (64  cc.)  and  water  (100  cc.)  in  a  thick-walled 
beaker,  surrounded  by  crushed  ice.  To  this  mixture  was 
added,  in  small  portions,  22  grams  of  sodium  nitrite,  dissolved 
in  100  cc.  of  water,  the  temperature  being  kept  below  5°  by 
dropping  crushed  ice  into  the  beaker.  The  diazonium  solu- 
tion thus  prepared  was  run,  in  a  thin  stream,  into  a  solution 
of  34  grams  of  thiophenol  and  60  grams  of  sodium  hydroxide  in 
300  cc.  of  water,  the  temperature  of  this  solution  being  5o°-6o° 
in  order  to  decompose  thediazothiophenol  etherassoonasitwas 
formed.  A  finely-divided,  yellow  substance  was  precipitated, 
which  disappeared  on  stirring  and  gas  was  evolved.  After  all 
the  diazonium  solution  had  been  added,  the  mixture  was  heated, 
slowly,  on  the  water-bath  until  gas  evolution  ceased.  Care 
must  be  taken  not  to  heat  too  rapidly,  as  the  gas  may  be  pro- 
duced almost  explosively.  As  the  heating  progressed  a  heavy, 
red  oil  separated.  When  cool,  this  was  drawn  ofi"  and  dis- 
solved in  ether.  The  solution  was  dried  over  fused  potassium 
carbonate  and  distilled.  After  removal  of  the  ether  the  ther- 
mometer rose  rapidly  to  290°  and  the  portion  boiling  at  290°- 
303°  was  collected.  This  was  redistilled  and  the  fraction  boil- 
ing at  30o°-305°  was  separated.  According  to  Graebe  and 
Schultess,  pure  orthotolylphenyl  sulphide  boils  at  304°. 5.  The 
mercury  thermometer  used  was  filled  with  nitrogen,  grad- 
uated to  550°  and  there  was  no  correction  for  exposed 
stem.  !       'Al^^ 

^■^ 


Diphenylsidphoneorthocarhoxylic  Acid.  ^ij 

Orthotolylphenyl  sulphide  is  a  pale  yellow,  mobile,  highly 
refractive  liquid,  having  a  disagreeable  odor  suggestive  of  hy- 
drogen sulphide.  On  long  standing  it  becomes  dark  reddish- 
brown. 

2.   Oxidation  of  Orthotolylphenyl  Sulphide. 

Fifteen  grams  of  orthotolylphenyl  sulphide  were  suspended 
in  2.5  lijters  of  boiling  water,  contained  in  a  5-liter  round  flask, 
which  was  heated  in  a  boiling  water-bath.  Steam  was  passed  into 
the  flask  continuously.  During  the  first  hour  of  heating  25 
grams  of  very  finely  powdered  potassium  permanganate  were 
added,  in  small  portions.  The  heating  was  continued  for  1 6  hours. 
A  few  cc.  of  alcohol  were  added,  to  reduce  the  excess  of  potas- 
sium permanganate,  the  oxides  of  manganese  were  filtered  off 
and  the  filtrate  evaporated  to  500  cc.  It  was  then  acidified 
with  strong  hydrochloric  acid.  A  pale  yellowish  oil  and  white 
crystals  were  precipitated,  the  oil  becoming  solid  after  standing 
for  some  hours.  This  product  was  dissolved  in  hot  benzene, 
from  which  it  crystallized  in  bunches  of  short,  colorless,  radial 
needles,  which  melted  at  143°  (uncor.).  When  mixed  with 
an  equal  portion  of  diphenylsulphoneorthocarboxylic  acid,  pre- 
pared from  phenylthiosalicylic  acid,  the  melting-point  of  the 
mixture  was  the  same,  viz.,  143°  (uncor.)  ;   146° (cor.). 

Analysis  : 

I.  0.3762  gram  substance  gave  0.8173  gram  CO^  and  0.1316 
gram  H^O. 

II.  0.2984  gram  substance  gave  0.6519  gram  CO^  and  o.  1065 
gram  H,0. 

III.  0.3935  gram  substance gaveo.3525gramBaSO^(L,iebig). 

IV.  0.3878  gram  substance  gave  0.3429  gramBaSO^  (I^iebig) . 


Calculated  for 

.COOH 
CeHi^  .  Found. 

•SOo.CeHs  I.  II.  III. 


C  59-51  59.25     59.57 

H  385  3-82       3.96        .    . 

S  12.23  •     •  •     •  12.05       12.12 

From  these  results  it  is  evident  that  diphenylsulphoneortho- 
carboxylic  acid  is  also  formed  by  the  oxidation  of  orthotolyl- 
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phenyl  sulphide  by  means  of  potassium  permanganate.  No 
trace  of  the  acid  prepared  by  Canter  could  be  found  in  the 
reaction  products, 

V.    "ORTHOPHENYLSULPHONEBENZOIC  ACID"   (CANTER). 

As  has  been  stated,  this  acid  was  described  by  Canter^  in 
1901.  He  obtained  it  by  oxidizing  orthotolylphenylsulphone 
with  potassium  permanganate  and,  from  the  method  of  prep- 
aration, as  well  as  from  the  results  of  analyses,  it  should  have 
the  same  formula  as  the  compound  we  term  diphenylsulphone- 
orthocarboxylic  acid.  A  careful  study  of  the  latter  having 
confirmed  the  correctness  of  this  formula  for  diphen3'lsulphone- 
orthocarboxylic  acid,  it  remained  to  repeat  Canter's  work  in 
the  hope  that  some  additional  light  might  thus  be  thrown  on 
the  problem. 

The  orthotolylphenylsulphone  used  was  prepared  by  Can- 
ter's method,  from  orthotoluenesulphone  chloride  which  re- 
mained from  Canter's  work  and  was  originally  supplied  by 
the  chemical  factory  of  von  Heyden.  By  treating  this  with 
benzene  and  aluminum  chloride,  a  product  was  obtained  which 
crystallized  from  alcohol  in  white  leaflets  and  melted  at  67°. 5- 
68°  (uncor.),  as  stated  by  him.  His  analyses  accord  with 
the  formula 

-'^  c,h/ 

\SO,.CeH, 

It  is  soluble  in  petroleum  ether,  ordinary  ether,  benzene,  alco- 
hol, glacial  acetic  acid  and  in  strong  nitric  acid,  from  which  it 
is  recovered,  unchanged,  by  adding  water.  This  substance 
will  be  considered  again  in  another  connection. 

I.  Preparation  of  "  Orthophenylsuiphonebenzoic' ^  Acid. 

The  method  described  by  Canter  was  followed  as  closely  as 
possible  in  the  preparation  of  this  substance,  the  acid  obtained 
melted  at  267°,  but  the  yield  of  pure  product  was  astonish- 
ingly small.  This  was  the  more  surprising  as  the  amount  of 
barium  salt,  before  treating  with  boiling  alcohol,  was  very 

»  Loc.  cit. 
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considerable  and  was  in  fair  proportion  to  the  sulphone  used, 
but,  after  further  purification  by  Canter's  method,  less  than 
o,  5  gram  of  the  pure  acid,  melting  at  267°,  was  obtained  from  10 
grams  of  sulphone.  It  was  also  noticed  that  the  barium  salt 
is  completely  soluble  in  boiling  alcohol. 

Other  methods  of  oxidation  were  tried,  in  the  hope  of  in- 
creasing the  yield.  Ammonium  persulphate,  potassium  per- 
sulphate, sodium  peroxide  and  chromyl  chloride  did  not  effect 
a  satisfactory  oxidation.  Persulphates  destroyed  the  sulphone 
entirely.  Sodium  peroxide  had  no  effect  on  it,  nor  had 
chromyl  chloride,  in  carbon  bisulphide  solution.  The  prepara- 
tion of  the  acid  was,  therefore,  continued  by  Canter's  method. 

By  heating  the  acid,  melting  at  267°,  with  lime,  diphenylsul- 
phone  was  obtained,  as  in  the  case  of  diphenylsulphoneorthocar- 
boxylic  acid. 

An  attempt  was  made  to  condense  the  acid,  melting  at  260°,  to 
benzophenonesulphone,  by  heating  with  concentrated  sulphuric 
acid.  After  heating  the  brown,  non-fluorescent  solution  for  14 
hours,  at  140°,  it  was  cooled  and  poured  into  water.  A  white 
precipitate  formed,  which  dissolved  almost  entirely  in  alkali 
carbonate  or  ammonia.  When  the  filter  through  which  this 
solution  had  been  passed  was  boiled  with  alcoholic  potassium 
hydroxide  the  blue  color,  characteristic  of  benzophenonesul- 
phone appeared,  fading  entirely  when  the  solution  cooled. 
The  amount  of  benzophenonesulphone  formed  was  so  small 
that  a  less  sensitive  test  than  this  would  hardly  have  shown 
its  presence.  There  was  not  enough  to  be  removed  from  the 
filter. 

An  effort  was  now  made  to  recover  the  "unchanged  sul- 
phone," which,  according  to  Canter's  description,  should  be 
found  in  the  alcoholic  mother-liquors  from  the  first  crystalliza- 
tion of  the  acid  and  also  in  the  alcoholic  washings  from  the 
barium  salt.  From  the  former  an  acid  was  obtained  which 
did  not  crystallize  from  alcohol,  but,  when  the  solution  was 
greatly  diluted  with  water,  or  concentrated  by  evaporation,  it 
separated  as  a  syrup.  It  was  evaporated  to  dryness  and  then  it 
crystallized  from  benzene  in  bunches  of  short,  clear,  radial 
needles,  melting  at  1 43  °  (  uncor . ) .    A  mixture  of  it  with  an  equal 
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portion  of  diphenylsulphoneorthocarboxylic  acid  had  the  same 
melting-point.  The  washings  from  the  barium  salt,  referred 
to  above,  contained  the  barium  salt  of  the  acid  melting  at  143°. 
No  orthotolylphenylsulphone  was  found  in  either  solution. 
From  this  it  appears  that  diphenylsulphoneorthocarboxylic 
acid  is  formed  with  the  acid  described  by  Canter  and  a  com- 
parison of  the  quantity  of  each  showed  that  fully  90  per  cent, 
of  the  yield  is  diphenylsulphoneorthocarboxylic  acid,  which 
Canter  supposed  to  be  "  unchanged  sulphone."  The  small 
yield  of  Canter's  acid  is  thus  fully  explained.  It  is  also  clear 
why,  after  heating  this  acid  with  concentrated  sulphuric  acid, 
a  trace  of  benzophenonesulphone  was  found.  This  suggested 
a  method  of  purifying  Canter's  acid  ;  as  benzophenonesulphone 
is  insoluble  in  alkalies,  it  is  easily  removed  by  treating  the  re- 
action-product with  alkali,  filtering  the  solution  of  the  alkali 
salt  from  the  insoluble  benzophenonesulphone  and  reprecipita- 
ting  the  acid  by  hydrochloric  acid.  An  easier  and  much  more 
satisfactory  means  of  separating  the  two  acids,  consists  in  re- 
peatedly boiling  the  mixture  with  fresh  portions  of  water  ;  all 
of  the  diphenylsulphoneorthocarboxylic  acid  is  dissolved, 
while  the  other  acid  is  not.  The  acid,  melting  at  267°,  is  almost 
entirely  insoluble  in  boiling  benzene,  thus  giving  another  means 
of  separation;  diphenylsulphoneorthocarboxylic  acid  easily  dis- 
solves in  this  solvent. 

It  now  remained  to  ascertain  the  constitution  of  the  acid 
melting  at  267°.  As  a  preliminary  step  its  molecular  weight 
was  determined  in  alcohol  : 

1.3230  grams,  dissolved  in  53.63  grams  of  absolute  ethyl 
alcohol,  gave  a  rise  of  o°.io8  in  the  boiling-point  (cor.  for 
bar.)  corresponding  to  a  molecular  weight  of  264.8.  This 
result,  together  with  the  formation  of  diphenylsulphone,  by 
distilling  the  acid  with  lime  and  Canter's  analyses  of  the  acid 
and  of  its  salts,  leaves  no  doubt  that  its  formula  is 


I 


CeH, 


COOH 


SO^-CeH, 


according  to  which  its  molecular  weight  should  be  262, 
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It  is,  thererore,  isomeric  with  diphenylsulphoneorothcar- 
boxylic  acid,  which  has  been  proved  to  be  an  ortho  compound. 
Plainly,  the  acid,  melting  at  267°,  required  more  careful  investi- 
gation. 

2.  Purificatioyi  of  Orthotolylphenylsulphone. 
About  40  grams  of  orthotolylphenylsulphone  were  prepared 
as  before.  In  rccrystallizing  it  was  found  that,  if  m.ore  alcohol 
was  used  than  was  necessary  for  solution  and  the  crystals 
which  separated  first  were  filtered  off  and  dried,  they  did  not 
melt  at  67°. 5-68°,  but  several  degrees  higher.  This  indicated 
the  presence  of  an  impurity,  hitherto  unnoticed,  in  the  product 
melting  at  67°. 5-68°.  Following  up  this  clue,  5-6  fractional 
recrystallizations,  allowing  only  a  small  proportion  of  the 
substance  in  solution  to  separate  each  time,  gave  a  product  which 
crystallized  in  beautifully  regular,  colorless,  rhombic  plates, 
which  melted  sharply  at  80°  (81  °  cor, ).  By  this  method  only  a 
very  small  quantity  of  the  pure  substance  was  obtained,  but, 
by  seeding  the  solution  of  material  of  lower  melting-point,  with 
small  crystals  of  the  product  melting  at  80°,  a  larger  portion 
of  the  pure  compound  was  separated.  The  diflBculty  of  puri- 
fying it  is  typical  of  the  tendency,  which  compounds  of  this 
group  have,  to  crystallize  in  mixtures,  having  definite  melting- 
points,  which  remain  unchanged  by  repeated  recrystallizations. 
This  particular  case  is  very  interesting  because  the  process  can 
be  observed  under  the  magnifying  glass.  The  first  crystals 
which  appear  from  a  solution  of  the  substance  melting  at 
67°, 5-68°  are  very  small,  but  perfectly  shaped,  rhombic  plates, 
which  move  in  the  solution  and  rapidly  increase  in  number. 
After  the  crystallization  has  proceeded  for  a  time,  however, 
the  points  of  the  diamond-shaped  crystals  become  blunt  or 
rounded.  They  should  be  quickly  filtered  by  means  of  a  pump 
as  soon  as  the  slightest  sign  of  this  change  is  seen.  If  this  is 
done  very  quickly,  the  product  will  be  almost  pure  and  melt  at 
nearly  80°.  Should  the  crystallization  be  allowed  to  continue  and 
the  solution  become  fairly  concentrated,  the  crystals  are  irregu- 
larly shaped  leaflets  and  melt  at  67°. 5-68°.  This,  however,  is 
really   rather  a  sharp  softening  than  a  true  melting,  as  the 
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liquid  in  the  tube  is  not  entirely  clear  and  does  not  lose  its 
cloudiness  until  a  temperature  of  about  71°  is  reached,  but  the 
change  is  so  sudden  and  sharp  at  67°. 5-68°  that  it  can  very 
easily  be  mistaken  for  a  true  melting-point.  A  great  number  of 
crystallizations  of  the  substance,  melting  at  67°. 5-68°,  is  neces- 
sary in  order  to  prepare  even  a  small  proportion  of  the  pure  ma- 
terial melting  at  80°,  and,  by  actual  experiment,  3  weeks'  work 
was  required  to  separate  10  grams  of  the  latter  from  40  grams 
of  the  former.  This  is  due  to  the  fact  that  only  a  very  small 
quantity  of  the  rhombic  crystals  separate,  at  each  crystal- 
lization, before  they  have  to  be  filtered  off  and  the  process  re- 
peated. 

A  few  grams  of  the  substance,  melting  at  80°,  were  oxidized 
with  potassium  permanganate,  in  the  manner  already  described. 
The  product  was  solely  diphenylsulphoneorthocarboxylic  acid, 
the  yield  was  very  satisfactory.  This  shows  that  the  com- 
pound melting  at  80°  is  the  true  orthotolylphenylsulphone. 
Not  a  trace  of  the  acid,  melting  at  267°,  was  obtained  in  this 
experiment,  though  very  careful  search  was  made  for  it. 

Hence  it  was  evident  that  Canter's  acid,  melting  at  267°,  is 
not  formed  from  the  same  sulphone  that  gives  diphenylsulphone- 
orthocarboxylic  acid,  but  from  another,  isomeric  one,  which  is 
presentiuthe product  firstobtained,  melting  at  67°. 5-68°.  Con-  . 
sidering  the  difficulty  experienced  in  freeing  orthotoluenesul-  | 
phone  chloride  from  the  paratoluenesulphone  chloride,  which 
is  always  formed  at  the  same  time  and  which  can  only  be  re- 
moved by  indirect  methods,  it  seemed  probable  that  the  second 
sulphone  might  be  derived  from  some  paratoluenesulphone 
chloride,  which  was  present  in  the,  supposedly  pure,  orthotol- 
uenesulphone  chloride  used  as  a  starting-point  in  the  prepara- 
tion of  the  tolylphenylsulphone,  melting  at  67°. 5-68°. 

To  test  this  the  amide  was  made  from  the  toluenesulphone 
chloride  used  by  Canter  and  ourselves.  Crystals  melting  at 
I54°-I55°,  the  melting-point  of  orthotoluenesulphonamide, 
were  first  obtained.  From  the  original  ammoniacal  filtrate 
some  crystals  of  orthotoluenesulphonamide  also  separated. 
These  were  removed,  the  filtrate  evaporated  to  dryness,  the 
residue  pulverized,  washed  on  a  filter  with  small  portions  of 
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cold  water  and  the  slight  residue  then  dissolved  in  a  little  hot 
water.  On  cooling,  white  plates  separated,  which  melted  at 
104°  (uncor.).  This  is  known  to  be  one  of  the  melting-points 
of  a  mixture  of  ortho-  and  paratoluenesulphonamides/  When 
pure  orthotoluenesulphonamide  and  pure  paratoluenesulphon- 
amide  are  mixed  in  equal  proportion,  in  hot  aqueous  solution 
and  allowed  to  crystallize,  the  product  is  a  mixture,  melting 
generally  at  120°  or  io4°-io8°  (uncor.).  Intermediate  melt- 
ing-points may  be  obtained,  but  recrystallization  results  in 
separating  the  product  into  two  portions,  one  melting  at  120°, 
the  other  at  io4°-io5°.  From  these  mixtures  neither  constit- 
uent can  be  separated  in  a  pure  condition. 

It  was  evident,  therefore,  that  the  orthotoluenesulphone 
chloride,  used  by  Canter  and  ourselves,  contained  some 
paratoluenesulphone  chloride,  from  which  Canter's  acid, 
meltingat  267°,  was  probably  derived.  The  acid  in  question  had 
been  made  in  this  laboratory,  by  Newell,  in  .1895,  t)Ut  the  melt- 
ing-point which  he  gave  was  273°,  instead  of  266°-267°  (Can- 
ter) or  267°  (ourselves).  As  Newell  states  that  he  used  a 
Zincke  thermometer  this  difference  is  not  surprising,  because  the 
other  determinations  were  made  with  long-stemmed  thermome- 
ters. However,  to  avoid  any  possible  confusion  on  this  point, 
it  was  decided  to  make  a  specimen  of  paraphenylsulphoneben- 
zoic  acid  and  test  its  identity  by  direct  comparison  with  Can- 
ter's acid. 

VI.    PARAPHENYLSULPHONEBENZOIC  ACID. 

This  acid  was  first  prepared  by  Michael  and  Adair^  from 
paratolylphenylsul phone,  by  oxidation  with  potassium  perman- 
ganate, in  acetic  acid  solution  and  also  by  boiling  the  sulphone 
with  potassium  permanganate,  dissolved  in  a  large  excess  of 
water.  The  yield  was  exceedingly  small  in  each  case.  The 
melting-point  of  their  acid  was  "  above  300°." 

In  1895,  Newell,"  working  in  this  laboratory,  investigated 
the  acid.  He  prepared  it  by  oxidizing  paratolylpheiiylsul- 
phone  by  means  of  chromic  acid,  in  glacial  acetic  acid  solution. 

1  Ber.  d.  chem.  Ges.,  lo,  943-    This  Journal,  i,  170. 
'  Loc.  cit. 
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He  found  the  melting-point  of  the  acid  to  be  273°  (uncor.), 
using  a  Zincke  thermometer.  The  acid  was  now  made  by  a 
method  analogous  to  that  employed  in  preparing  diphenylsul- 
phoneorthocarboxylic acid.  Paraminobenzoic  acid  wasconverted 
into  paraphenylsulphidebenzoic  acid  and  this,  by  oxidation 
with  potassium  permanganate,  into  paraphenylsulphonebenzoic 
acid. 

7.   Paraphenylsulphidebenzoic  Acid. 

A  mixture  of  40  grams  of  paraminobenzoic  acid,  64  cc.  of 
concentrated  hydrochloric  acid  and  300  cc.  of  water  is  cooled 
to  0°,  in  a  thick- walled  beaker,  surrounded  by  crushed  ice.  A 
concentrated  solution  of  22  grams  of  sodium  nitrite  is  added,  in 
small  portions,  with  stirring,  the  temperature  being  kept  below 
5°  by  the  addition  of  crushed  ice.  After  the  reaction  is  complete 
the  diazonium  solution  is  run,  in  a  thin  stream,  from  a  drop- 
ping-funnel,  into  a  solution  of  34  grams  of  thiophenol,  60 
grams  of  sodium  hydroxide  and  300  cc.  of  water,  which  has  been 
heated,  in  a  large  beaker,  to  50°-6o°.  During  the  addition  of 
the  diazonium  solution  the  mixture  must  be  stirred  constantly'. 
A  light-yellow,  curdy  precipitate  is  formed  at  the  point  where 
the  diazo  solution  is  added,  but  this  dissolves  on  stirring,  with 
evolution  of  gas,  forming  a  dark  red  solution.  This  is  heated 
on  the  water-bath  until  gas  evolution  ceases.  After  cooling,  it 
is  acidified  with  strong  hydrochloric  acid  and  paraphenylsul- 
phidebenzoic acid,  which  is  precipitated  as  a  dark  red  mass,  is 
filtered  on  a  Biichner  funnel.  The  acid  is  then  dissolved  in 
a  solution  of  sodium  carbonate,  filtered  from  phenyldisulphide, 
which  is  formed  by  the  oxidation  of  a  part  of  the  thiophenol 
and  is  again  precipitated,  by  acidifying  with  strong  hydrochloric 
acid.  As  thus  obtained,  the  acid  is  a  very  impure,  red  tar, 
which  solidifies  on  standing.  It  cannot  be  purified  by  crystal- 
lization from  alcohol,  glacial  acetic  acid,  ether  or  benzene,  as 
the  tar  is  as  soluble  as  the  acid  in  these  solvents,  nor  by  making 
the  barium  or  calcium  salt.  The  only  method  of  purification, 
which  was  in  the  slightest  degree  satisfactory,  was  to  extract 
the  acid  by  means  of  boiling  ligroin,  using  a  Soxhlet  apparatus 
and  continuing  the  extraction  for  days,  or  even  weeks.     The 
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acid  is  very  slightly  soluble  in  ligroin,  while  the  tar  is  prac- 
tically insoluble.  After  the  extraction  is  complete,  the  ligroin 
is  distilled  off  and  the  acid  purified  by  crystallization  from 
alcohol.  It  is  deposited  in  light,  colorless,  feathery,  elongated, 
hexagonal  plates,  which  melt  at  173°  (uncor.)  ;  177°  (cor.). 
The  acid  thus  prepared  does  not  contain  water  of  crystalliza- 
tion.    Analysis  : 

0.1621  gram  substance  gave  0.1412  gram  CO^  and  0.0625 
gram  HjO. 

0.2457  gram  substance  gave  0.2515  gram  BaSO^. 


Calculated  for 
.COOH 

^S.QHs 

Found. 

c 

67.82 

67.48 

H 

4-35 

4.27 

S 

13-91 

14.02 

The  barium  salt  is  sparingly  soluble  in  boiling  water,  from 
which  it  crystallizes  in  very  thin  plates,  containing  2^H,0. 
Analysis  : 

o.  1 1 13  gram  air-dried  salt  lost  0.0081  gram  H^O  when  heated 
to  140°,  for  2  hours. 


Calculated  for 
/COO 
C6H4<'  )  oBa  -r  2JH2O.  Found. 

\S.C6H5 


J  oBa  -r  2j 

HjO  7.02  7.27 

0.1026  gram  dehydrated  salt  gave  0.0401  gram  BaSO^. 

Calculated  for 
/  ,COO     \ 

/  CgHjf  laBa.  Found. 

V  ^S.CHsy 

Ba  23.07  22.98 

2.   Oxidatio7i  of  Paraphenylstilphidebenzoic  Acid  by  Means  of 
Potassium  Permanganate. 

When  paraphenylsulphidebenzoic  acid  is  heated  with  a  slight 
excess  of  potassium  permanganate,  in  a  large  quantity  of 
water,  paraphenylsulphonebenzoic  acid  is  formed.  The 
method  is  exactly  the  same  as  that  already  described  in  the 
case  of  oxidizing  orthotolylphenylsulphide,  but  the  oxidation 
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is  complete  in  about  2  hours.  The  filtrate  from  the  manganese 
oxides,  after  evaporation  to  a  small  volume,  is  acidified  while 
hot.  If  the  solution  is  cold,  paraphenylsulphonebenzoic  acid  is 
precipitated  so  finely  divided  that  it  is  almost  impossible  to 
filter  it. 

Thus  obtained  the  acid  is  a  fine,  crystalline,  white  powder, 
easily  soluble  in  alcohol,  from  which  it  crystallizes  in  small 
leaflets  melting  at  267°  (uncor.)  ;  277°  (cor.).  It  is  insoluble 
in  benzene  and  water. 

A  portion  of  it  was  mixed  with  an  equal  quantity  of  the  acid, 
melting  at  267°,  which  had  been  prepared  by  Canter's  method, 
from  crude  orthotolylpheuylsulphone,  melting  at  67°. 5-68°. 
The  melting-point  of  the  mixture  showed  no  change.  From  this 
there  can  be  no  doubt  that  Canter's  acid,  melting  at  267°,  is 
really  paraphenylsulphonebenzoic  acid  and  not  the  ortho  com- 
pound, as  he  supposed.  Newell  found  the  melting-point  of  this 
acid  to  be  273°  (uncor.),  using  a  Zincke  thermometer. 

The  salts  described  by  Canter  contain  much  more  water  of 
crystallization  than  Newell  found,  but  he  did  not  heat  them  to 
as  high  a  temperature  as  Canter  used.  A  sufficient  quantity  of 
the  acid  was  not  available  to  permit  a  thorough  examination  of 
all  Canter's  salts.  The  barium  and  calcium  salts  were  made, 
however  and,  from  their  behavior,  it  seems  probable  that  the 
figures  given  by  Canter  are  more  nearly  correct  than  Newell' s. 
Neither  of  these  salts  loses  water  of  crystallization,  to  any 
great  extent,  at  110°,  or  even  at  130°,  but  at  165''  all  of  it  is 
easily  removed.  The  salts  lose  part  of  their  water  by  standing 
in  a  desiccator  for  several  days. 

The  barium  salt  crystallizes  in  slender,  white  needles,  con- 
taining 3HjO.     Analysis : 

0.0839  gram  air-dried  salt  ,  heated  at  165°  for  i^  hours,  lost 
0.0064  gram  Hj,0. 

Calculated  for 
/  /COO         \ 

(  C6H4<  1  oBa.sHjO.  Found. 

\  ^SOo.CeHg/ 

H,0  7-57  7-63 

I.  0.1467  gram  anhydrous  salt  gave  0.0517  gram  BaSO^. 
II.  0.1770  gram  anhydrous  salt  gave  0.0634  gram  BaSO^. 
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Calculated  for  Found. 

,COO 


/  COO         V 

(  C6H4<  )  jBa.  I.  II. 

Ba  20.81  20.79  20.92 

The  calcium  salt  crystallizes  in  fine,  white  needles,  contain- 
ing 6H3O.     Analysis : 

0.1817  gram  air-dried  salt,  heated  at  165°  for  i^  hours,  lost 
0.0294  gram  HjO. 

Calculated  for 
/  /COO         \ 

(  CgHi;  )  oCa.6H«0.  Found. 

V  ^SOj.CeHsy 

H,0  16.14  16.18 

I.  0.1525  gram  anhydrous  salt  gave  0.0365  gram  CaSO^. 
II.  0.1030  gram  anhydrous  salt  gave  0.0247  gram  CaSO^. 


Calculated  for  Found. 

,COO 


/  COO  \ 

(Cf,n^('  jsCa.  I.  II. 

Ca  7,11  7.04  7.06 

Though  there  now  remained  no  doubt  as  to  the  identity  of 
Canter's  acid,  the  melting-points  found  by  him  for  the  chloride 
and  amide  differ  so  much  from  those  given  by  Newell  that  it 
was  thought  necessary  to  examine  these  compounds.  In  the 
experiments  made  to  determine  this  question,  the  acid 
employed  had  been  prepared  by  Canter's  method,  but  that 
used  in  preparing  the  salts  described  above  was  made  by  oxid- 
izing paraphenylsulphidebenzoic  acid. 

J.  Paraphenylsulp  hone  benzoic  Chloride. 

The  acid  was  mixed  with  a  little  more  than  its  own  weight  of 
phosphorus  pentachloride,  in  a  small  flask,  which  was  im- 
mersed in  a  sulphuric  acid-bath.  The  temperature  of  the  bath 
was  raised  gradually  to  200°,  No  action  at  all  could  be  de- 
tected until  a  temperature  of  125°  was  reached  and  it  did  not 
become  at  all  vigorous  until  140°.  At  this  temperature  the 
mass  melted  and  hydrochloric  acid  was  evolved  freely.  Ac- 
cording to  Canter  the  reaction  begins  at  ordinary  temperatures 
and  proceeds  rapidly  when  the  flask  is  heated  at  45°.  After 
heating  at  200°  for  an  hour  the  product  was  poured  into  a 
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dish,  it  solidified  to  a  light-brown,  crystalline  mass.  This  was 
powdered  and  washed  with  water  at  40°,  first  by  decantation 
and  then  on  a  filter,  with  suction.  By  this  treatment  it  became 
almost  white  ;  it  was  then  dried,  dissolved  in  boiling  ligroin, 
in  which  it  is  sparingly  soluble  and  from  which  it  crystallized 
in  small,  colorless,  square  plates.  After  several  recrystalliza- 
tions  it  melted  at  143°- 144°  (uncor.)  ;  146°-: 47°  (cor.). 
Newell  found  145°. 2-145°. 8,  using  a  Zincke  thermometer. 
Canter  crystallized  it  from  glacial  acetic  acid  and  gives  its 
melting-point  at  162°. 5-263''. 5. 

^ .  Paraphenyhulphonebenzamide. 

A  portion  of  paraphenylsulphonebenzoic  chloride,  prepared 
as  above,  was  digested  with  a  large  excess  of  concentrated  am- 
monia, for  24  hours,  at  the  ordinary  temperature.  The  insoluble 
product  was  filtered,  washed  with  cold  water  and  then  dis- 
solved in  boiling  water,  in  which  it  is  rather  sparingly  soluble. 
On  cooling,  feathery,  white  crystals  separated,  which  melted  at 
240°-240°.5  (uncor. );  248°. 3-248°. 8  (cor).  Newell  gives  242°- 
243°,  using  a  Zincke  thermometer  ;  Canter  gives  254°-255°. 

Conclusions. 

The  results  of  this  investigation  may  be  summarized  as  fol- 
lows: 

1.  When  phenylthiosalicylic  acid  is  oxidized  with  dilute  ni- 
tric acid,  the  product  of  the  reaction  is  almost  entirely  di- 
phenylsulphoxideorthocarboxylic  acid. 

2.  When  phenylthiosalicylic  acid  is  treated  with  fuming  ni- 
tric acid,  a  substance  is  obtained  having  the  melting-point  of 
the  acid  described  by  Graebe  and  Schultess.  It  is  a  mix- 
ture of  diphenylsulphoxideorthocarboxylic  acid  and  a  mononi- 
tro  derivative  of  this  acid.  The  proportion  of  the  nitro  com- 
pound is  increased  by  heating  a  solution  of  phenylthiosalicylic 
acid  in  fuming  nitric  acid. 

3.  When  phenylthiosalicylic  acid  is  oxidized  by  means  of 
potassium  permanganate,  diphenylsulphoneorthocarboxylic 
acid  is  formed.  The  reactions  of  this  acid  show  it  to  have  the 
formula, 
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,COOH 

^so,.aH* 


an,/ 


4.  When  orthotolylphenylsulphide  is  oxidized  by  means  of 
potassium  permanganate,  diphenylsulphoneorthocarboxylic 
acid  is  produced. 

5.  The  acid  melting  at  267°,  obtained  by  Canter  and  sup- 
posed, by  him,  to  be  orthophenylsulphonebenzoic  acid, 

.COOH 
CeH/ 

\SO,QH, 

is  really  the  isomeric  paraphenylsulphonebenzoic  acid,  which 
had  been  made  previously  by  Newell.  Its  formation,  under 
the  conditions  of  Canter's  investigation,  was  due  to  the  pres- 
ence of  paratoluenesulphone  chloride  in  the  orthotoluenesul- 
phone  chloride  with  which  he  worked. 

6.  When  pure  orthotolylphenylsulphone  is  oxidized  with 
potassium  permanganate,  diphenylsulphoneorthocarboxylic 
acid, 

/COOH 


CeH,^ 


SO,.CeH, 

is  the  only  product  obtained. 

7.  Paraphenylsulphidebenzoic  acid  is  produced  from  par- 
aminobenzoic  acid  and  thiophenol,  by  a  process  exactly  analo- 
gous to  that  of  phenylthiosalicylic  acid  from  anthranilic  acid 
and  thiophenol.  Paraphenylsulphidebenzoic  acid  is  oxidized 
to  paraphenylsulphonebenzoic  acid  (diphenylsulphoneparacar- 
boxylic  acid)  by  means  of  potassium  permanganate,  just  as 
phenylthiosalicylic  acid  is  oxidized  to  diphenylsulphoneortho- 
carboxylic  acid  under  similar  conditions.  This  reaction,  together 
with  analyses  of  the  acid  and  its  barium  salt,  show  the  for- 
mula of  paraphenylsulphidebenzoic  acid  to  be 


CeH,< 


.COOH 


^S.CeH, 
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NOTE. 


On  the  Change  of  Concentration  of  Solutions  and  07i  the  Crys- 
tallization of  Dissolved  Substances  under  the  hifiuence 
of  Centrifugal  Force. 

A  paper  bearing  the  above  title  has  recently  appeared.'  It 
contains  an  account  of  some  interesting  and  important  experi- 
ments by  van  Calcar  and  L,obry  de  Bruyn.  A  homogeneous 
solution  was  placed  in  a  vessel,  which  was  rapidly  rotated. 
The  rotation  was  continued  for  1^3  hours,  at  a  rate  of 
about  2400  turns  per  minute.  On  removing  samples  of  the 
solution  from  diflferent  portions  of  the  vessel  and  analyzing 
them,  it  was  found  that  the  solution  was  no  longer  homogene- 
ous, but  became  more  and  more  concentrated  as  the  distance 
from  the  center  of  the  vessel  increased.  The  greatest  concen- 
tration, however,  was  not  found  at  the  very  periphery  of  the 
vessel,  as  would  be  expected,  but  some  little  distance  from  it. 
This  was  shown  to  be  due  to  a  lessening  of  the  speed  of  rota- 
tion when  the  samples  were  removed  for  analysis. 

A  saturated  solution  of  sodium  sulphate  was  then  rotated  for 
5  hours,  at  about  the  same  rate,  i.  e.,  about  2400  turns  per 
minute.  The  salt  crystallized  out  of  the  solution,  around  the 
periphery  of  the  vessel,  until  the  solution,  which  originally 
contained  8.78  per  cent  of  the  salt,  showed,  on  analysis,  only 
5.54  per  cent. 

The  authors  have  calculated  the  magnitude  of  the  force  act- 
ing on  the  solution,  under  the  above  conditions  and  have 
shown  that,  at  the  periphery,  it  is  about  400,000  dynes. 

The  cause  of  all  diffusion  in  solutions  is  osmotic  pressure. 
Were  it  not  for  osmotic  pressure  no  solution  would  remain 
homogeneous  for  any  appreciable  time,  unless  the  dissolved 
substances  happened  to  have  the  same  specific  gravity  as  the 
vSolvent.  If  osmotic  pressure  did  not  exist  the  dissolved  sub- 
stance would  fall  to  the  bottom  of  the  solution  if  it  were  heavier 
than  the  solvent  ;  if  lighter  it  would  rise  to  the  top. 

The  experiments  above  described  are  really  important  as 
furnishing  a  mechanical   means  of   partially  overcoming  os- 

1  Rec.  Trav.  Chim.,  23,  218  (1904). 
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motic  pressure.  By  the  great  centrifugal  force  produced  by 
the  high  velocity,  the  dissolved  substance  is  driven  through 
the  solvent  out  towards  the  periphery,  accumulates  there  and 
makes  the  solution  more  concentrated  in  this  region.  It  will 
be  seen  that  this  is  acting  directly  against  osmotic  pressure,  which 
always  drives  the  dissolved  substance  in  that  direction  which 
is  necessary  to  establish  or  maintain  homogeneity  of  concen- 
tration. 

This  suggests,  in  a  way,  the  "  Principle  of  Soret,"  where 
homogeneity  is  destroyed  by  keeping  the  different  parts  of  the 
solution  at  different  temperatures.  h.  c.  j. 


OBITUARY. 

ALBERT  BENJAMIN  PRESCOTT. 

Dr.  Albert  B.  Prescott  was  born  at  Hastings,  N.  Y.,  Dec. 
12,  1832,  and  died  at  Ann  Arbor,  Mich.,  Feb.  26,  1905,  in  his 
seventy-third  year.  The  whole  of  his  active  life  was  spent  in 
connection  with  the  University  of  Michigan,  from  which  he 
graduated  M.D.,  1864;  Ph.D.,  1886;  Lly.D.,  1896.  He  also 
received  the  LI^.D.  from  Northwestern  University,  in  1903. 
He  had  been  professor  of  Organic  and  Applied  Chemistry 
since  1870,  dean  of  the  School  of  Pharmacy  since  1876  and  di- 
rector of  the  Chemical  Laboratory  since  1884.  In  1891  he  was 
president  of  the  American  Association  for  the  Advancement  of 
Science,  president  of  the  American  Pharmaceutical  Associa- 
tion, I  goo,  and  a  member  of  various  chemical  and  pharmaceu- 
tical societies  in  this  county  and  abroad.  Dr.  Prescott's  con- 
tributions to  scientific  knowledge  chiefly  related  to  analysis 
and  pharmacy,  several  of  his  papers  were  contributed  to  the 
earlier  volumes  of  This  Journal  and  he  was  the  author  of  a 
number  of  text-books  on  qualitative  and  organic  analysis.  As 
a  successful  teacher  Dr.  Prescott  was  widely  known  and  highly 
esteemed  ;  his  interest  in  research  was  always  keen  and  he  was 
constantly  seeking  opportunities  to  assist,  in  every  possible 
way,  the  younger  men  who  showed  ability  in  this  direction. 

REVIEWS. 

Experiments  Arranged  for  Students  in  General  Chemistry. 
By  Edgar  F.  Smith,  Professor  of  Chemistry,  University  of  Pennsyl- 
vania, and  Harry  F.  Keller,  Professor  of  Chemistry,  Central  High 
School  of  Philadelphia.  Fifth  edition.  Philadelphia:  P.  Blakiston's 
Son  &  Co.     1904. 

This  little  book  is  an  excellent  laboratory  manual  for  those 


432  Reviews. 

beginners  who  use  a  text-book  which  does  not  give  directions 
for  laboratory  experiments.  E.  r. 

Manual  of  Physiological  and  Clinical  Chemistry.  By  Elias  H. 
BartlEy,  B.S.,  M.D.,  Ph.G.,  Professor  of  Chemistry,  Toxicology  and 
Pediatrics  in  the  Long  Island  College  Hospital.  Second  edition, 
Philadelphia  :  P.  Blakiston's  Son  &  Co.     1904.     pp.  188. 

This  carefully  prepared  little  manual  is  well  adapted  to  the 
purpose  for  which  it  was  intended,  namely,  such  medical 
courses  that  allot  but  the  minimal  time  to  chemistry.  A  small 
part  is  devoted  to  general  physiological  chemistry,  then  the 
chemistry  of  the  urine,  gastric  contents,  faeces  and  milk  are 
taken  up  in  detail  and  in  a  very  satisfactory  way,  considering 
the  limited  space.  The  examination  of  urinary  and  biliary 
calculi  is  al.so  discussed.  Brief  accounts  of  the  clinical  signifi- 
cance of  the  work  are  given  at  the  ends  of  the  chapters.  The 
author  also  enters  into  the  micro.scopical  findings.  For  those 
medical  courses,  where  the  time  devoted  to  physiological  and 
clinical  chemistry  is  limited,  this  little  volume  is  to  be  recom- 
mended. A.  S.  Iv. 

Les  NouvEAUTfes  Chimioues  pour  X904.  By  Camille  Poulenc. 
Paris  :  J.  P.  Bailliere  et  Fils.     1904.     pp.  viii  +  352.     Price,  4  Fr. 

The  title  of  this  book  is  somewhat  misleading,  as  the  preface 
is  dated  April,  1904  and,  consequently,  the  subjects  discussed 
are  older  than  might  be  expected.  The  contents  of  the  five 
chapters  are  as  follows  :  (I.)  Apparatus  for  the  determination 
of  physical  properties,  such  as  high  temperatures,  density,  re- 
fractive index,  etc.  A  good  description  of  Olszewski's  appara- 
tus for  the  liquefaction  of  gases  is  given.  (II.)  Chemical  appa- 
ratus in  the  more  restricted  sense  ;  this  includes  appliances  for 
distillation  and  for  the  preparation  and  purification  of  gases. 
(III.)  Electrical  apparatus.  (IV.)  Analytical  apparatus. 
(V.)  Apparatus  chiefly  used  by  bacteriologists.  The  descrip- 
tions, in  general,  are  clear,  full  references  being  made  to  their 
sources  ;  the  text  is  illustrated  by  185  figures.  The  selection 
of  subjects  appears  to  be  good,  in  so  far  as  the  author  has 
availed  himself  of  scientific  literature,  but  his  self-imposed  lim- 
itations are  curious  and  will  be  apparent  when  it  is  stated  that, 
of  journals  in  the  English  language,  he  cites  only  the  "  Chem- 
ical News,"  once  !  German  publications  fare  better,  because 
reference  is  made,  somewhat  freely,  to  the  "  Chemiker-Zeit- 
ung"  and  to  "  Eisen  und  Stahl."  That  this  action  on  the 
part  of  the  author  constitutes  an  injustice  to  the  activity  of 
English-speaking  chemists  is,  perhaps,  of  minor  importance,  it 
also  greatly  detracts  from  the  value  of  the  book  which,  other- 
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wise,  is  interesting  and  should  prove  useful.     A  good  index  is 
provided.  j.  b.  T. 

The  Urine  and  the  Ci<inicai,  Chemistry  of  the  Gastric  Contents, 
THE  Common  Poisons  and  Milk.  By  J.  W.  Holland,  M.D.,  Pro- 
fessor of  Medical  Chemistry  and  Toxicology,  Jefferson  Medical  College 
of  Philadelphia.  Seventh  edition.  Philadelphia  :  P.  Blakiston's  Son 
&  Co.     1904.     pp.  172. 

The  book  is,  apparently,  intended  for  the  author's  own  course 
as  a  laboratory  manual  and  is  interleaved  with  blank  pages  for 
the  student  to  utilize  in  taking  notes.  The  directions  for  the 
experiments  are  quite  clear,  but  the  metric  system  is  not  used 
throughout.  The  theoretical  remarks  contain  too  many  mis- 
takes and  inaccuracies  to  be  enumerated  here.  A.  s.  i,. 

Introduction  to  Chemical  Analysis  for  Beginners.  From  the 
Tenth  German  Edition  of  Prof.  Dr.  Fr.  Rijdorff,  Professor  of 
Chemistry  in  the  Technical  High  School,  Charlottenburg,  Berlin,  Prus- 
sia. Authorized  translation  by  Prof.  Chas.  B.  Gibson,  M.D.  Chi- 
cago :  Chicago  Medical  Book  Co.     1902. 

Prof.  Riidorff — to  quote  his  preface — has  endeavored  to  set 
forth  the  principles  of  analytical  chemistry  with  a  limited 
number  of  elements  and  their  more  important  compounds. 
This  method  has  been  well  received  in  Germany  and  is  to  be 
recommended,  where  the  time  devoted  to  chemistry  by  the 
student  is  brief,  as  in  high  schools  and  medical  and  dental  col- 
leges. E.  R. 

Jahrbuch  der  Chemie.  Bericht  iiber  die  wichtigsten  Fortschritte  der 
reinen  und  angewandten  Chemie.  Unter  Mitwirkung  von  H.  Beck- 
URTS,  Braunschweig,  C.  A.  Bischoff,  Riga,  G.  Bodlander,  Braun- 
schweig, M.  Delbruck,  Berlin,  J.  M.  Rder,  Wien,  Th.  Fischer, 
Berlin,  P.  Friedlander,  Wien,  C.  Haussermann,  Stuttgart,  A. 
Herzfeld,  Berlin,  W.  KiJSTER,  Tiibingen,  J.  Lewkowitsch,  London, 
A.  MoRGEN,  Hohenheim,  F.  Quincke,  Leverkusen,  A.  Werner, 
Ziirich.  Herausgegeben  von  Richard  Meyer,  Braunschweig.  XIII 
Jahrgang,  1903.  Druck  und  Verlag  von  Friedrich  Vieweg  und  Sohn. 
1904. 

This  annual  visitor  gives  the  usual  pleasure  and  satisfaction. 
Every  working  chemist  will  welcome  it  and  feel  the  better  for 
its  coming.  From  the  preface  we  learn  that  Professor  F.  W. 
Kiister  has  been  obliged  to  withdraw  from  the  staff  and  that 
Professor  Bodlander  has  taken  the  place  thus  left  vacant  and 
has  prepared  the  report  on  Physical  Chemistry.  Professor 
Doelz  has  also  resigned  and  Dr.  Th.  Fischer,  of  Berlin,  has 
prepared  the  report  on  Mining.  Further,  the  editor.  Professor 
Richard  Meyer,  has  been  prevented  from  furnishing  his  usual 
report  on  the  Chemistry  of  Tar  and  Dyes  and  Professor  F. 
Friedlander  has  prepared  the  report  on  this  subject  for  this 
volume. 
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In  the  report  on  Physical  Chemistry  there  is  a  most  appre- 
ciative note  on  J.  Willard  Gibbs  from  which  the  following  is 
quoted  :  "  Gibbs  war  Mathematiker  oder  mathematischer 
Physiker  und  hat  trotzdem  fiir  die  Cheraie  das  Grosste  ge- 
leistet.  Er  hat  die  chemischen  Erscheinungen  mit  den  Aes- 
serungen  der  anderen  Energieformen  in  Zusamraenhang  ge- 
bracht  und  insbesondere  die  Beziehungen  der  chemischen 
Energie  zur  Warme  aufgehellt.  Es  war  durch  seine  Unter- 
suchungen  moglich,  fiir  die  chemische  Verwandschaft  ein 
genaues  Mass  zu  finden  wodurch  audi  die  Elektrochemie  einen 
wichtigen  Fortschritt  erfahren  hat.  *  *  *  Wahrendauf  den 
iibrigen  Gebieten  einzelne  Resultate,  zu  denen  Gibbs  gelangt 
war,  schon  vor  ihm  oder  unabhangig  von  ihm  von  anderen 
gefunden  worden  sind,  ist  die  Phasenregel  ausschliesslich  auf 
Gibbs  zuriickzufiihren.  Sie  allein  wiirde  dera  Mathematiker 
fiir  immer  einen  hervorragenden  Platz  unter  den  ersten  chem- 
ischen Forschern  sichern." 

Under  Physical  Chemistry  there  is  a  section  devoted  to 
Radio-activity  and  under  Inorganic  Chemistry  another  section, 
of  five  pages,  treats  of  Radio-active  Substances,  These  brief 
and  clear  summaries  will  be  a  relief  to  those  who  have  been 
overwhelmed  by  the  numerous  articles  on  the  subject  of  radio- 
activity that  have  appeared  in  so  many  different  journals. 

We  are  informed  that  the  amount  of  artificial  indigo  in  use 
is  constantly  increasing,  being  now  about  equal  to  that  of  the 
natural  product.  The  larger  dye  works  in  Germany,  Austria 
and  the  United  States  use  synthetical  indigo  almost  exclu- 
sively. 

But  only  a  careful  examination  of  the  book  can  make  clear 
its  value.  i.  r. 

Die  Heterogenen  Gleichgewichte  vom  Standpunkte  der  Phasen' 
tEHRE.  Von  Dr.  H.  W.  Bakhuis  Roozeboom,  Professor  an  der  Uni- 
versitat  Amsterdam.  Zweites  Heft,  Systeme  aus  zwei  Komponenten 
Erster  Teil,  mit  149  eingedruckten  Abbildungen  und  zwei  Tafeln' 
Braunschweig  :  Druck  und  Verlag  von  Friedrich  Vieweg  und  Sohn. 
1904.     pp.  467.     Price,  M.  12.50. 

The  appearance  of  the  first  Heft  of  this  work  has  already 
been  noticed.'  It  only  remains  to  call  attention  to  the  appear- 
ance of  the  second  one,  which  deals  with  heterogeneous  equi- 
libria in  binary  systems.  "  It  contains  a  complete  survey  of 
the  equilibria  between  solid,  liquid  and  gaseous  phases,  of  such 
binary  mixtures  where  only  the  components  appear  as  solid 
phases."  This  second  part  seems  to  be  of  the  same  high  char- 
acter as  the  first.  h.  c.  j. 

»  This  Journal,  27,  78. 
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Manuai,  of  the  Chemical  Analysis  of  Rocks.  By  Henry  S. 
Washington,  Ph.D.  First  edition.  New  York  :  John  Wiley  &  Sons. 
1904.     pp.  ix-|-  183. 

This  manual  is  designed  to  furnish  "  to  chemists,  petrolo- 
gists,  mining  engineers  and  others  who  have  not  made  a  par- 
ticular study  of  quantitative  analysis,  a  selection  of  methods 
for  the  chemical  analysis  of  silicate  rocks,  especially  those  of 
igneous  origin."  It  is  assumed  that  the  reader's  previous  ex- 
perience has  probably  been  limited  to  the  conventional  analysis 
of  a  feldspar,  hence,  the  methods  given  are  described  in  great 
detail  and  are  said  to  be  approved  by  the  chemists  of  the  U. 
S.  Geological  Survey  and  by  the  author.  Although  they  have 
been  selected  with  special  reference  to  igneous  silicate  rocks, 
they  may  be  applied  to  metaphoric  and  sedimentary  silicate 
rocks  as  well;  but  they  are  not,  in  general,  applicable  to  the 
analysis  of  ores.  Considerable  care  is  also  taken  to  point  out 
the  significance  of  the  results  of  chemical  analysis,  in  further- 
ing the  objects  sought  in  the  science  of  petrology. 

The  text  is  divided  into  four  parts,  designated,  re.spectively, 
as  follows  :  Introduction;  Apparatus  and  Reagents;  The  Sam- 
ple ;  Methods.  An  appendix  contains  some  specimen  calcula- 
tions of  analyses,  a  table  of  molecular  weights  of  some  twenty 
of  the  commonly  used  oxides,  together  with  the  atomic  (not 
molecular)  weights  of  sulphur,  chlorine  and  fluorine  and  a 
short  table  of  factors. 

Under  "Methods"  are  included  procedures  for  the  deter- 
mination of  each  of  the  common  constituents  of  silicates  and 
also  of  nickel,  titanium,  barium,  zirconium,  chromium,  vana- 
dium, copper,  fluorine,  chlorine,  sulphur  and  carbon  dioxide. 
The  chief  sources  of  error,  the  extent  of  allowable  errors  and 
economy  of  time  are  all  discussed  at  length. 

For  the  petrologist,  with  little  time  to  devote  to  the  critical 
study  of  methods  or  the  acquisition  of  technical  skill 
in  analysis,  the  author's  efforts  to  supply  a  useful  hand- 
book may  fairly  be  regarded  as  successful,  provided  con- 
sideration is  given  to  the  limitations,  which  necessarily,  be- 
cause of  inexperience,  attach  to  the  powers  of  observation  of 
such  an  analyst.  The  procedures  are  given  in  such  painstak- 
ing detail  that  results  are  safe-guarded,  as  far  as  a  text-book 
may  effect  this  end  ;  but,  when  the  possibilities  of  unexpected 
complications  are  so  great  as  in  a  rock  analysis,  a  relatively 
untrained  analyst  can  hardly  hope  to  obtain  results  which  are 
above  suspicion.  Skill  will,  however,  gradually  follow  prac- 
tice and  the  path  to  success  is  well-blazed  in  this  work  ;  the 
analyses  completed,  meanwhile,  may  be  of  assistance,  even 
though  they  may  not  be  of  scientific  accuracy. 
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The  author  has,  in  his  desire  to  enforce  his  ideas,  allowed 
himself  to  duplicate  statements,  under  diflferent  headings,  to  a 
degree  which  sometimes  tends  to  test  the  patience  of  the 
reader,  in  spite  of  the  laudable  purpose  in  the  background. 
The  index  is  unusually  complete.  h.  p.  talbot. 

Tables  for  Qualitative  Chemical  Analysis,  Arranged  for  the  Use 
of  Students,  by  A.  LiVKRSiDGE,  M.A.,  LL.D.,  F.R.S.,  Professor  of 
Chemistry  in  the  University  of  Sydney.  Second  edition.  London  : 
Mactuillan.     1904. 

This  brief  manual  diifers  from  the  majority  of  others  of  the 
same  length,  by  including  the  reactions  of  most  of  the  rare  ele- 
ments and  those  of  many  organic  compounds,  particularly  the 
substances  interesting  to  medical  students.  The  book  is  con- 
cise and  clearly  worded.  E.  R. 

ElecTro-Chemistry.  Part  I.,  General  Theory.  By  R.  A.  Lehfeldt, 
D.Sc,  Professor  of  Physics  at  the  East  London  Technical  College,  in- 
cluding a  chapter  on  the  "  Relation  of  Chemical  Constitution  to  Con- 
ductivity," by  T.  S.  Moore,  B.A.,  B.Sc,  Lecturer  in  the  University  of 
Birmingham.  London,  New  York  and  Bombay  :  Longmans,  Green  & 
Co.     1904.     pp.  268     Price,  |i.6o. 

This  work,  we  regret  to  say,  falls  very  far  behind  Findlay's 
Phase  Rule  in  both  the  selection  and  arrangement  of  material. 
In  the  selection  of  material  much  that  is  fundamental  has  been 
omitted  entirely  and  there  is  a  general  lack  of  perspective  in 
the  treatment  of  the  matter  that  is  included  in  the  book.  One 
fails  to  find  clean-cut,  succinct  statements  about  the  most  im- 
portant matters,  which  are  so  essential  to  a  student  just  enter- 
ing the  field. 

Again,  we  object  to  the  use  of  symbols  for  the  names  of 
chemical  compounds.  For  example:  p.  40,  "filled  with 
NaCl  solution  ;"  p.  41,  "  with  solutions  of  K^SO^,  BaCl^  and 
BaNjOg ;"  p.  41,  "  that  of  the  K.^SO^  solution  used,"  do  not 
sound  well,  and  would  scarcely  pass  as  good  English. 

The  book  does  undoubtedly  contain  much  valuable  material 
and  can  be  profitably  read  by  any  one  except  a  beginner  in 
electrochemistry  ;  but  for  several  reasons,  a  few  of  which  are 
here  pointed  out,  the  work  does  not  seem  to  be  adapted  to  the 
needs  of  one  just  commencing  the  study  of  this  chapter  of 
physical  chemistry.  h.  c.  j. 
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CXXII.  —  RESEARCHES     ON     PYRIMIDINES  :      THE 
STRUCTURE  OF  SOME  SUBSTITUTION- 
PRODUCTS. 

[eighth  paper.] 

By  Henry  L-  Wheeler  and  H.  Stanley  Bristol. 

When  a  pyrimidine  derivative,  having  hydrogen  both  in  the 
4-  and  5-positions,  is  attacked  by  the  halogens  or  nitric  acid, 
the  question  as  to  which  hydrogen  atom  is  replaced  or  substi- 
tuted has  not,  hitherto,  been  decided.  A  method,  which  has 
now  been  successful  in  dealing  with  this  question,  depends  on 
the  structure  of  Behrend's  nitro-  and  aminouracil.  Nitro- 
uracil  has  the  nitro  group  in  the  5-position,  as  it  is  prepared 
from  4-methyluracil,^  (!•)>  or  5-nitrouracil-4-carboxylic  acid", 
(II.): 

HN CO  HN CO  HN CO 


oc 

CH 

II 

-      OC 

1 

CNO, 

II 

-      OC 

CNO. 

II 

HN— 

— CCH, 

HN— 

— CCO.H 

HN— 

— CH 

I.  II.  III. 

1  Kohler:  Ann.  Chem.  (Liebig),  236,  50  (18S6). 

2  Behrend  :  Ibid.,  229,  36  (1885)  ;  240,  5  (1887). 
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Aminouracil  results  by  reduction  of  the  above  nitrouracil, 
the  amino  group  is,  therefore,  in  the  5-position.  Neither  nitro- 
uracil nor  aminouracil  has  a  definite  melting  or  decomposing 
point,  5-Aminouracil  picrate,  however,  has  a  definite  effer- 
vescing point,  which  serves  to  identify  it.  Behrend  and  Griin- 
wald^  state  that  this  compound  melts  at  i47°-i48''.  This  is 
incorrect,  possibly  a  typographical  error.  It  has  been  found, 
by  several  workers  in  this  laboratory,  that  the  action  of  nitric 
action  on  uracil,  2-ethylmercapto-6-oxypyrimidine,  2-thiouracil 
and  other  pyrimidine  derivatives  leads  to  the  formation  of  a 
nitrouracil.  In  each  case,  after  reduction  with  aluminium 
amalgam,  the  product  gave  a  picrate  effervescing  sharply  at 
247°,  or  100°  higher  than  the  temperature  given  by  the  above 
authors.  At  the  request  of  one  of  us,  Mr.  C.  O.  Johns  pre- 
pared 5-nitrouracil  (III.)  by  Behrends'  method  and  this,  on  re- 
duction, gave  a  picrate  showing  no  signs  of  melting  at  147°  but 
effervesced,  as  in  the  other  cases,  at  247°.  The  compounds 
were  identical  and  it  therefore  follows  that  nitric  acid  attacks 
these  various  pyrimidine  derivatives  in  the  5-position. 

For  the  purpose  of  comparison,  Traube's  2,6-dioxy-4-amino- 
pyrimidine  or  4-aminouraciP  was  prepared.  When  the  satura- 
ted aqueous  solution  of  this  substance  was  mixed  with  a  satu- 
rated solution  of  picric  acid  no  precipitate  resulted  and  no 
picrate  was  obtained. 

It  was  stated  in  a  previous  article'  that  Dr.  Merriam  ob- 
tained 5-aminouracil  when  the  product,  obtained  by  bromina- 
ting  uracil,  was  heated  with  aqueous  ammonia  at  180°  ;  it  was 
identified  by  means  of  its  picrate.  A  specimen  of  the  picrate, 
prepared  by  Dr.  Merriam,  was  found,  by  us,  to  sinter  decidedly 
about  147°,  but  did  not  melt,  or  rather  effervesce,  until  247°. 
The  compound  proved  to  be  identical  with  the  above  products 
and  it  therefore  follows  that  bromine  attacks  uracil  in  the 
5-position,  as  previously  represented. 

It  might  be  expected  that  a  2-alkylmercapto-6-oxypyrimi- 
dine  would  also  give  a  5-brom  derivative.  This  was  proved  to 
be  the  case  as  follows  :     5-Bromuracil  (IV. )  was  converted  into 

1  Ann.  Chem.  (Ltebig),  309,  259  (1899). 
*  Ber.  d.  chem.  Ges.,  33,  1381  (1900). 
3  This  Journal,  31,  603  (1904). 
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2,6-dichlor-5-brompyrimidine  (V.)  by  warming  with  a  mix- 
ture of  phosphorus  oxychloride  and  phosphorus  pentachloride 
and  this,   with   aniline,    gave    2,6-dianilino-5-brompyrimidine 
(VI.)  : 
HN CO  N==CC1  N==C— NHCH, 

II  II  II 

OC         CBr  ^   CIC         CBr   ^    C^H^NHC         CBr 

I           II                   It           II                               II  II 

HN CH  N CH  N CH 

IV.  V.  VI. 

2-Ethylniercapto-6-oxypyrimidine  was  treated  with  bromine, 
in  glacial  acetic  acid  and  the  resulting  brom  derivative  (VII.) 
was  warmed  with  aniline  ;  this  gave  2-anilino-5-brom-6-oxy- 
pyrimidine  (VIII.),  which  was  then  converted  into  the  chlo- 
ride (IX.).  When  this  chloride  was  warmed  with  aniline  the 
product  was  found  to  be  identical  with  the  above  dianilino- 
brompyrimidine  (VI.),  so  that  the  process  can  be  represented 
as  follows  : 

HN CO  HN CO  N==-C-C1 

II  II  II 

C,H,SC         CBr^-CeH^NHC  CBr ->  C^H^NHC  CBr 

N CH  N CH  N CH 

VII.  VIII.  IX. 

Our  first  plan  of  procedure  for  deciding  the  question  of  the 
position  of  bromine  in  the  mercaptooxypyrimidines,  was  to  boil 
these  products  with  hydrochloric  acid  and  identify  the  brom- 
uracil  formed.  It  was  found,  however,  that  prolonged  boiling 
of  2-ethylmercapto-5-brom-6-oxypyrimidine  with  hydrochloric 
acid  gave  uracil,  the  bromine  being  entirely  removed.  The 
5-brom  derivatives  of  uracil  part  with  their  halogen  more  read- 
ily than  those  of  cytosine  or,  in  other  words,  an  oxygen  in  the 
6-position  renders  bromine  in  the  5-position  more  active  than 
when  the  6-position  is  occupied  by  an  amino  group.  This  is 
true  not  only  for  the  replacement  of  bromine  by  hydrogen,  but 
also  by  the  amino  group. 

We  have  found  that  2-ethylmercapto-4-ethyl-5-brom-6-oxy- 
pyrimidine  (XI.)  also  loses  bromine  by  simply  evaporating  its 
solution,  in  concentrated  hydrochloric  acid,  to  dryness  on  th? 
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water-bath,  the  product  obtained  being  4-ethyluracil  (XII.). 
The  2-ethylmercapto-4-ethyl-6-oxypyrimidine  (X.)  for  this 
experiment  was  prepared  by  the  condensation  of  the  ethyl 
bromide  addition-product  of  thiourea  and  ethylpropionylacetate, 
CH3CH,COCH,CO.OC,H5/  in  alkaline  solution. 

NH— CO  HN CO  HN CO 

II  II  II 

C,H,SC        CH        ►-   C.H^SC         CBr       ^   OC         CH 

II  II  II  II  I  II 

N CCjH^  N CC.H^         HN CC,H, 

X.  XI.  XII. 

Bromine  is  represented  in  XI.  as  entering  at  the  5-position  and 
not  in  the  alkyl  group.  Behrend^  has  shown  that  when 
4-methyluracil  is  brominated  and  then  oxidized  bromuracil- 
carboxylic  acid  results. 

EXPERIMENTAL. 
The  uracil  used  in  this  work  was  prepared  by  boiling  various 
2-alkylmercapto-6-oxypyrimidines  with  concentrated  hydro- 
chloric acid.  In  the  course  of  our  experiments  a  number  of 
new  pseudoureas  and  alkylmercapto  pyrimidines  were  em- 
ployed. The  former  were  prepared,  for  analysis,  by  treating 
pure,  finely-powdered  thiourea  with  a  little  alcohol  and  the 
alkyl  halide  was  added.  The  mixtures  were  warmed  on  the 
steam-bath  until  solution  took  place  and  allowed  to  crystallize, 
in  a  vacuum,  over  sulphuric  acid.  The  crystals  were  then 
simply  washed  with  ether  ;  they  were  readily  soluble  in  water 
and  alcohol  and  insoluble  in  benzene  and  ether.  It  was  found 
that  pseudoethylthiourea  hydrobromide  dissolved  in  acetone, 
it  was  readily  soluble  in  pyridine  and  it  could  be  crystallized 
from  acetic  anhydride. 

Pseudonormalpropylthiourea  hydrobromide  formed  long,  color- 
less needles,  which  melted  at  about  60°. 

Calculated  for 

C4H]4NoS.HBr.  Pound. 

N  14-07  14-19 

Pseudoisobutylthiourea  hydrobromide  formed  a  fibrous  mass  of 
crystals,  melting  at  about  96°. 

1  Blaise  :  Compt.  rend.,  132,  978  (1901). 

2  Ann.  Chem.  (Liebig),  240,  22  (1887). 
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Calculated  for 

CsHioNoS.HBr.  Found. 

N  13.14  13.21 

Pseudoisoamylthiourea  hydrobromide  crystallized  in  long 
prisms,  melting  at  about  84°. 

Calculated  for 

CeHnNsS.HBr.  Found. 

N  12.33  12.28 

HN CO 

II 
2-Nor'malpropylmercapto-6-oxypyrimidine,  C3H,SC         CH. — 

II  II 

N CH 

This  and  the  following  alkylmercaptooxypyrimidines  were 
prepared  by  the  method  described  in  the  case  of  the  corre- 
sponding ethyl  derivative.^  The  product  from  the  condensa- 
tion of  20  grams  of  the  normalpropylbromide  addition-product 
of  thiourea,  30  grams  of  ethyl  sodium  formylacetate  and  6 
grams  of  sodium  hydroxide,  amounted  to  12  grams.  It  was 
readily  soluble  in  alcohol  and  hot  water.  From  40  per  cent 
alcohol  it  formed  long,  colorless  needles,  melting  at  117°. 

N 

2-Isohutylmercapto-6-oxypyrimidine. — Twenty-one  grams  of 
the  above  pseudoisobutylthiourea  hydrobromide,  38  grams  of 
ethyl  sodium  formyl  acetate  and  4  grams  of  sodium  hydroxide 
gave  about  12  grams  of  this  mercaptooxypyrimidine.  When 
crystallized  from  50  per  cent  alcohol  it  formed  leaf-like  plates, 
melting  at  107°. 

Calculated  for 
CsHioONoS.  Found. 

N  15.21  15.19 

2-Isoamylmercapto-6-oxypyrimidine  crystallized  from  50  per 
cent  alcohol  in  long,  thin  plates,  melting  at  115°. 

Calculated  for 
C9H14ON2S.  Found. 

N  14-14  14.08 

Nitration  of  Uracil  (By  Mr.  S.  H.  Clapp). — One  gram  of 
uracil  was  added  to  a  mixture  of  5  cc.    of  concentrated  sul- 

*  This  Journal,  39,  483  (1903). 


Calculated  for 
C7H10ON2S. 

Found. 

16.47 

16.39 
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phuric  acid  and  lo  cc.  of  fuming  nitric  acid.  The  mixture 
was  heated  to  about  125°,  in  an  oil-bath,  for  an  hour.  On 
pouring  into  ice-water,  nitrouracil  separated  in  colorless,  pris- 
matic needles.  The  yield  was  about  i  gram.  This  compound 
was  reduced  by  means  of  aluminium  amalgam,  in  ammoniacal 
solution.  On  filtering  and  concentrating,  aminouracil  separa- 
ted in  balls  of  needles,  which  were  recrystallized  from  water  ; 
they  gave  33.47  per  cent  of  nitrogen,  the  calculated  being 
33-07-       . 

^-Aminouracil  Picrate. — The  above  aminouracil  was  dissolved 
in  warm  water  and  a  hot  solution  of  picric  acid  was  added,  the 
picrate  then  separated  in  the  form  of  yellow,  rectangular 
plates  which  began  to  sinter  strongly  at  150°,  then  melted, 
with  effervescence,  at  247°-248°. 

Calculated  for 
CioHsOgNs.  Found. 

N  23.59  23.27 

Nitration  of  2-Ethylmercapto-6-oxypyrimidine. — 2-Ethylmer- 
capto-6-oxypyrimidine  can  be  dissolved  in  a  mixture  of  fum- 
ing nitric  acid  and  concentrated  sulphuric  acid,  at  the  ordinary 
temperature  and  be  recovered,  unaltered,  on  pouring  into  ice- 
water  and  neutralizing  with  sodium  carbonate.  If  the  mixture 
is  warmed  on  the  steam-bath  until  the  reaction  is  well  started, 
then  allowed  to  stand  in  a  warm  place  (about  60°),  large  crys- 
tals of  nitrouracil  separate. 

The  following  was  found  to  be  the  easiest  method  of  pre- 
paring nitrouracil :  Ten  grams  of  2-ethylmercapto-6-oxy- 
pyrimidine  were  dissolved  in  a  mixture  of  20  cc.  of  red,  fum- 
ing nitric  acid,  10  cc.  of  concentrated  nitric  acid  and  10  cc.  of 
concentrated  sulphuric  acid.  The  reaction  was  started  by 
warming  on  the  steam-bath,  then  the  liquid  was  allowed  to 
stand,  at  about  60°,  for  several  hours,  4.9  grams  of  well-crys- 
tallized nitrouracil  separated.  The  crystals  were  filtered  and 
the  acid  filtrate  allowed  to  stand  for  24  hours  longer,  at  60°, 
whereupon  2.7  grams  of  nitrouracil  separated,  or  7.6  grams  in 
all.  This  is  a  yield  of  75.5  per  cent  of  the  calculated.  When 
the  compound  was  reduced  by  means  of  aluminium  amalgam 
and  the  picrate  prepared,  it  was  found  that  the  latter  became 
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black  at  about  190°,  but  nevertheless  efifervesced  sharply  at 
247°.  The  same  partial  decomposition  and  effervescing  point 
was  noticed  in  the  case  of  the  picrate  prepared  in  the  following 
experiment. 

Nitration  of  2-Thio-6-oxypyrimidine. — Twenty-five  per  cent 
nitric  acid  reacts  energetically  with  this  pyrimidine  derivative 
and  a  portion  is  converted  into  nitrouracil.  Eight  grams  of 
2-thiouracil  gave  about  4  grams  nitrouracil  ;  beside  this  a  far 
more  soluble  substance  was  formed,  which  gave  a  bulky  pre- 
cipitate with  mercuric  chloride,  it  was  probably  6-oxy pyrimi- 
dine, but  was  not  isolated. 

Nitration  of  2-Ethylmercapto-6-chlorpyrimidine  (By  Dr.  T.  B. 
Johnson). — The  mercaptochlorpyrimidine  (1.5  grams)  was 
added  to  a  mixture  of  4  cc.  of  concentrated  nitric  acid  and  4 
cc.  of  concentrated  sulphuric  acid.  The  temperature  of  the 
mixture  was  not  allowed  to  rise  above  90°;  it  was  maintained 
at  this  point  until  effervescence  ceased.  The  product  was 
cooled,  poured  on  to  ice  and  crystallized  from  water  ;  it  con- 
tained 27.1  per  cent  nitrogen,  the  calculated  percentage  for 
nitrouracil  is  26.7.  This  substance  was  reduced  and  the 
picrate  prepared;  it  melted  or  effervesced  at  247°. 

N==CC1 

I  I 

2,6-Dichlor-ybrompyrimidine,  CIC         CBr. — Eleven    grams 

N CH 

of  5-bromuracil,  13  grams  of  phosphorus  pentachloride  and  40 
cc.  of  phosphorus  oxychloride  were  mixed  and  warmed  on  the 
steam-bath.  Hydrogen  chloride  was  evolved  and,  after  4 
days,  all  of  the  bromuracil  dissolved.  The  solution  was  poured 
on  to  ice  and  extracted  with  ether.  The  ether  was  dried  over 
calcium  chloride  and  evaporated,  leaving  8  grams  of  oil,  which 
boiled  at  ii9°-i20°  (17-18  mm.).  It  solidified,  in  a  freezing- 
mixture,  to  a  crystalline  mass  and  melted  at  — 3° 2°. 


N 


Calculated  for 

CiHNjCloBr. 

Found. 

12.28 

12.46 
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2,6-Dianilino-ybromyprimidine, 

N==C— NHCH, 

II 
QH^NH— C         CBr  .—Six    grams    of  2,6-dichlor-5- 

II  II 

N CH 

brompyrimidine  were  mixed  with  lo  grams  of  aniline,  heat  was 

evolved   and  the  mass  solidified   to  a  hard  cake.     This  was 

powdered  and  boiled  with  benzene,  the  benzene  and  aniline 

were  removed  by  a  current  of  steam  and  the  insoluble  material 

was  crystallized   from  alcohol.     It    formed  a  felted   mass  of 

colorless  needles,  diflficultly  soluble  in  water,  which  melted  to 

a  clear  oil  at  191°. 

Calculated  for 
CioHi3N4Br.  Found. 

N  16.42  16.42 

HN CO 

II 
2-Anilino-5-brom-6-oxypyrimidine,      CgHjNHC  CBr.  

II  II 

N -CH 

Five  grams  of  2-ethylmercapto-5-brom-6-oxypyrimidine  were 

heated  with  excess  of  aniline  on  the  steam-bath,  until  the  odor 

of  mercaptan  disappeared  (24  hours).     At  first  solution  took 

place,  then  crystalline  material  separated.     The  product,  after 

washing  with  cold  alcohol,  was  free  from  sulphur  and  weighed 

about  6  grams.     It  was  difl&cultly  soluble  in  water,  alcohol, 

benzene  and  acetone.     From  alcohol  it  separated  in  the  form 

of  colorless,   needle-like  prisms,   melting  at   246°  with  eflfer- 

vescence. 


Calculated  for 
CioHgONsBr. 

Fouud. 

15.78 

16.  II 

N 

N CCl 

II 
2-Anilino-^-brom-6-chlorpyrimidine,    CgH^NHC  CBr.  — 

II  II 

N CH 

The  above  anilinobromoxypyrimidine  (4.7  grams)  was  di- 
gested on  the  steam-bath  with  phosphorus  oxychloride  until 
solution    took    place    and    hydrogen    chloride   ceased    being 
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evolved.  It  was  then  poured  on  to  ice  and  the  solid  that  sepa- 
rated was  extracted  with  ether.  It  was  readily  soluble  in 
ether  and  benzene  and  crystallized  from  ligroin  in  bunches  of 
long,  radiating,  colorless  needles  which  melted,  to  a  clear  oil, 
at  io6°-i07°. 

Calculated  for 
CioHjNaClBr.  Found. 

N  14.76  14.45 

A  small  quantity  of  this  compound  was  warmed  with  excess 
of  aniline  on  the  steam-bath,  the  mixture  liquefied  and  in  a  few 
minutes  solidified  to  a  hard  cake.  On  crystallizing  from  alco- 
hol it  gave  a  felted  mass  of  needles,  melting  at  191°  and,  when 
mixed  with  2,6-dianilino-5-brompyrimidine,  described  above, 
the  melting-point  was  not  altered. 

HN CO 

II 
2-Ethylmercapto-4-ethyl-6-oxypyrimidine,  C^H^SC  CH 

II  II 

N CC.Hs 

— A  solution  of  5.7  grams  of  sodium  hydroxide,  12.5  grams  of 
pseudoethylthiourea  hydrobromide  and  10  grams  of  ethyl  pro- 
pionyl  acetate  was  made  in  25  cc.  of  water,  the  constituents  be- 
ing added  in  the  order  named.  The  mixture  was  allowed  to 
stand  for  a  number  of  hours,  then  warmed  and,  on  cooling,  it 
was  acidified  with  acetic  acid.  An  oil  separated  which  finally 
solidified,  and,  after  washing  and  drying,  weighed  about  6 
grams.  It  dissolved,  with  difficulty,  in  hot  water,  giving  col- 
orless, truncated  pyramids.  From  alcohol,  in  which  it  is  very 
soluble,  it  crystallized  in  large,  stout,  transparent  prisms, 
which  melted  at  89°  without  decomposition. 

Calculated  for 
CgHiaONaS.  Found. 

N  15.21  15.13 

2-Ethylmercapto-4-ethyl-^-broin-6-oxypyrimidme, 
HN CO 

I  I 

CjHgSC         CBr     . — Six  grams  of  the  above  crude  product 

II  II 

N CC,H, 

were  dissolved  in  8  grams  of  glacial  acetic  acid  and  a  slight  ex- 


I 
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cess  of  bromine  added.  A  mass  of  six-sided  plates  separated 
and  more  was  obtained  on  diluting  with  water.  The  yield  of 
crude  material  was  a  little  over  6  grams.  When  crystallized 
from  alcohol  it  formed  large,  stout,  colorless,  transparent 
prisms  and  melted,  to  a  clear  liquid,  at  172°-! 73°. 5. 

Calculated  for 

CgHuGNoSBr.  Found. 

N  10.64  10.64 

HN CO 

I  I 

4-Ethyluracil,    OC  CH     . — The    above    mercaptobrom- 

HN CC.H^ 

pyrimidine  dissolves  in  concentrated  hydrochloric  acid  but  is 
precipitated  again  by  adding  water.  It  was  digested  on  the 
steam-bath,  with  strong  hydrochloric  acid,  for  some  time  and 
then  evaporated  to  dryness.  The  residue  was  more  readily 
soluble  in  water  than  in  alcohol.  When  crystallized  from  the 
latter  it  formed  beautiful,  colorless  tables  or  blocks,  which 
melted  at  204°  to  a  clear  liquid;  it  effervesced  at  about  270°. 

Calculated  for 
CeHgOaNg.  Found. 

N  20.0  20.2 

The  same  product  was  obtained  by  boiling  2-ethylmercapto- 
4-ethyl-6-oxypyrimidine,  melting  at  89°,  with  hydrochloric 
acid, 

HN CO 

I  I 

4.-Ethyl-ybromuracil,    OC  CBr     . — The   above   4-ethyl- 

I  li 

HN CC.Hj 

uracil  was  dissolved  in  glacial  acetic  acid,  in  which  it  is  not 
very  soluble  and  a  slight  excess  of  bromine  was  added.  On 
cooling,  very  thin,  oblong  plates  separated.  These  were  diffi- 
cultly soluble  in  hot  water  and  crystallized,  when  slowly 
cooled,  in  long,  thin,  snow-white,  glistening  prisms  that  were 
highly  etched.  The  material  crystallized  from  alcohol  in 
plates,  or  from  strong  solution  in  wisps.  At  23o°-23i°  it 
melted  to  a  yellow  liquid,  which  immediately  turned  brown 
and  then  effervesced. 
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Calculated  for 
CeHjOoNaBr.  Found. 

N  12.78  12.62 

2-Methylmercapto-6-oxypyrifnidine  Hydrochloride. — This  was 
obtained  on  passing  chlorine  into  a  glacial  acetic  acid  solution 
of  the  mercaptoxypyrimidine  and  precipitating  with  ether.  It 
was  crystallized  from  glacial  acetic  acid  and  formed  prismatic 
plates,  which  were  washed  with  ether.  It  was  very  soluble  in 
alcohol  and  water,  the  aqueous  solution  giving  a  strong  odor 
of  mercaptan.  When  boiled  with  hydrochloric  acid,  uracil 
was  obtained.     It  melted,  with  vigorous  effervescence,  at  189°. 

Calculated  for 
CsHoONjS.HCl.  Found. 

N  15.7  15.8 

N=CC1 

II 

2-Methylmercapto-6-chlorpyrimidme,  CH3SC  CH  .-When 

II  II 

N CH 

the  above  hydrochloride  (32  grams)  was  warmed  with  the  cal- 
culated quantity  of  phosphorus  pentachloride  and  some  phos- 
phorus oxychloride,  it  dissolved  and  hydrogen  chloride  was 
given  off.  The  solution  was  poured  on  to  ice  and  extracted 
with  ether,  dried  and  distilled  (36  mm.).  The  colorless  oil 
boiled,  for  the  most  part,  at  i39°-i40°  ;  on  cooling  in  a  freez- 
ing mixture  it  solidified  and  melted  at  about  — 2° — 0°. 

Calculated  for 
C5H5N2SCI.  Found. 

N  17.4  16.9 

N=C— NH, 

II 
2-Methylmercapto-6-aminopyrimidine,  CH3SC  CH        . — 

II  II 

N CH 

The  above  chloride  was  heated  with  a  large  excess  of  concentrated 
alcoholic  ammonia,  at  i2o°-i3o°,  for  3  hours.  The  ammonium 
chloride  that  separated  was  filtered  and  the  filtrate  evaporated 
to  dryness.  The  residue  was  treated  with  water,  dried  and 
crystallized  from  benzene.  It  formed  large,  colorless,  diamond- 
shaped,  prismatic  plates  which  melted,  to  a  clear  oil,  at  125°- 
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126°.     It  was  readily  soluble  in  alcohol  and  acetone,  insoluble 
in  ether  and  ligroin. 

Calculated  for 

Cr.HiNsS.  Found. 

N  29.79  29.76 

Nkw  Haven,  Conn., 
January,  1905. 
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CXXIII.  —  RESEARCHES    ON     PYRIMIDINES  :    THE 

ACTION     OF     POTASSIUM    THIOCYANATE 

UPON  SOME  IMIDE  CHI^ORIDES. 

[ninth  paper.] 

By  Henry  1,.  Wheeler  and  H.  Stanley  Bristol. 

No  attention  has  hitherto  been  given  to  the  action  of  potas- 
sium thiocyanate  upon  imide  chlorides.  It  was,  therefore,  im- 
possible to  predict  whether  normal  thiocyanates,  RSCN,  or 
isothiocyanates,  mustard  oils,  RNCS,  would  be  formed.  Most 
alkyl   halides  give  normal   thiocyanates,  while  the  acyl  hal- 

ides  give  isothiocyanates.     Imide  chlorides,    — C<^         ,    are 

\ci 

more  closely  related  to  acyl  halides,  — C<^      ,  than  to  the  alkyl 

^Cl 
halides  and,  in  the  pyrimidine  series,  the  compounds  contain 
the  grouping  C=C — CCl,^  therefore  isothiocyanates  might  be 
expected  to  be  formed  in  this  reaction.     This  being  the  case, 
facilities  for  further  syntheses  would  be  increased. 

We  have  investigated  this  reaction  in  the  case  of  2-ethyl- 
mercapto-6-chlorpyrimidine,  2-ethylmercapto-5-brom-6-chlor- 
pyrimidine  and  2-ethylmercapto-5-methyl-6-chlorpyrimidine 
and  we  find,  in  each  instance,  that  the  chlorides  give  isothio- 
cyanates. 

The  preparation  of  derivatives  has  been  more  thoroughly 
carried  out  in  the  case  of  2-ethylmercapto-5-brom-6-chlor- 
pyrimidine.  III.,  than  with  the  other  chlorides.  This  was 
prepared,  as  already  shown, ^  from  2-ethylmercapto-6-oxypyrim- 

1  Compare  Wheeler  and  Jamieson  :  J.  Am.  Chem.  Soc,  24,  746  (1902). 

2  Wheeler  and  Johnson  :  This  Journal,  31,  603  (1904). 
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idine    (I.)    by  brominatiug    (II.).    then    chlorinating   in   the 
6-positiou. 

HN CO  HN CO  N rri 

!  I  II  II 

C.H^SC         CH     --     C,H,SC         CBr    ^    C.H^SC  CBr 

II           II                             II           II                           II  II 

N CH  N CH  N CH 

I.  II.  III. 

When  2-ethylmercapto-5-brom-6-chlorpyrimidine  was  boiled, 
in  toluene  solution,  with  potassium  thiocyauate,  2-ethylmer- 
capto-5-brom-6-isothiocyanpyrimidine  (IV.)  was  obtained. 
This  reacted  with  ammonia,  aniline,  etc.,  yielding  the  corre- 
sponding thiourea  derivatives. 

When,  however,  the  chlorbrommercaptopyrimidine  (III.) 
was  boiled  with  an  alcoholic  solution  of  potassium  thiocyanate, 
the  thionurethane  (V.)  was  obtained  and  this  compound,  with 
sodium  ethylate  and  ethyl  bromide,  gave  the  imidothiocar- 
bonic  ester  represented  by  Formula  VI. 

N— CNCS  N CNHCSOC.H, 

II  II 

C,H,SC  CBr  ->       C.HjSC  CBr  ^ 

II  II  II  II 

N CH  N CH 

IV.  V. 

/0C,H3 
N C^=Q< 


\ 


C,H,SC  CBr 


SC,H, 


N CH 

VI. 

When  this  imidothiocarbonic  ester  derivative  was  treated 
with  alcoholic  ammonia,  it  evolved  mercaptan  and  the  pseudo- 
oxygen  urea  (VII.)  was  formed  smoothly.  This  gave  the  nor- 
mal urea  (VIII.)  when  treated  with  cold,  concentrated  hydro- 
chloric acid.  Boiling  hydrochloric  acid  then  gave  5-bromcyto- 
sine  (X.).  Attempts  to  condense  the  pseudooxygen  urea,  or 
the  normal  urea,  to  a  purin  derivative  were  without  success. 
The  bromine  in  these  compounds  is  firmly  bound  but  the 
urea  and  pseudourea  groups  are  easily  removed. 
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When  the  pseudourea  (VII.)  was  heated  with  pyridine  or  aque- 
ous ammonia,  in  a  closed  tube,  2-ethylmercapto-5-brom-6-amino- 
pyrimidine  was  formed  (IX.).  The  same  result  was  obtained 
when  the  compound  was  boiled  with  formic  acid.  Sodium,  in 
boiling  benzene,  failed  to  remove  bromine  but  attacked  the 
pseudourea  grouping.  2-Ethylmercapto-5-brom-6-amino- 
pyrimidine  was  also  obtained  when  the  normal  urea  was  heated 
above  its  melting-point. 

/OC^Hs 
N C— N^C<  N -C-NHCONH, 

I  I  ^NH,  I  1 
C,H,SC           CBr                          -*  C,H,SC           CBr 

II  II                                                 II  II 
N CH                                           N CH 

VII.  VIII. 


NH„ 


Nrzz 
1 

C— 

1 

1 
OC 

1 
HN— 

1 
CBr 

II 
— CH 

IX.  X. 

In  the  latter  part  of  this  article  some  new  uracil  andcytosine 
derivatives  are  described. 

EXPERIMENTAL. 

2-Ethylmercapto-6-isothiocyanpyrimidine, 

N C— NCS 

I  I 

C^HjSC  CH  . — Fifteen  grams   of  2-ethylmercapto-6- 

N CH 

chlorpyrimidine,'  boiling  at  135°  (24  mm.)  and  at  128°  (16 
mm.)  were  divSsolved  in  20  cc.  of  toluene  and  25  grams  of  dry, 
powdered  potassium  thiocyauate  were  added.  The  mixture 
was  boiled,  in  a  paraffin- bath,  for  12  hours.  The  insoluble  salts 
were  then  removed  by  filtering,  the  toluene  was  evaporated 
and  the  residue  distilled  under  reduced  pressure.  It  boiled, 
for  the  most  part,  at  180°  (32  ram.).     The  distillate  solidified 

1  wheeler  and  Johnson  :  This  Journal,  29,  497  (1903)  ;  31,  596  (1904). 
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and,  when  crystallized  from  benzene,  it  separated  in  small, 
light-yellow,  prismatic  plates  and  melted,  on  slowly  heating, 
at  175°. 

Calculated  for 

C7H7N3S2.  Found. 

N  21.32  21.53 

2-Ethylmercapto-6-thioureapyrimidine, 
Nz=izC— NHCSNH, 

I  I 

CjHjSC  CH  . — On  adding  concentrated  aqueous 

II  II 
N CH 

ammonia  to  a  portion  of  the  above  toluene  solution  containing 
the  isothiocyanate,  an  energetic  reaction  took  place,  with  evolu- 
tion of  heat  and  a  solid  mass  separated.  When  this  material 
was  crystallized  from  alcohol  it  formed  long,  thin,  colorless 
prisms  and  melted  at  214°.     It  was  diflScultly  soluble  in  water. 

Calculated  for 
CvHioN^Sa'  Found. 

N  26.17  25.83 

2-Ethylmercapto-6-phenylthioureapyrimidine  was  prepared  by 
adding  aniline  to  a  toluene  solution  of  the  pure  crystallized  iso- 
thiocyanate. A  solid  separated,  with  evolution  of  heat  and, 
when  crystallized  from  alcohol,  it  formed  a  felted  mass  of  long, 
colorless  needles  resembling  cotton.  It  was  almost  insoluble 
in  hot  water  and  fairly  soluble  in  hot  alcohol,  it  melted  at  205°. 

Calculated  foi 
C13H14N4S2.  Found. 

N  19-31  19.10 

2-Ethylfnercapto-6-thionethylurethanePyrimidine, 
N C— NHCS.  OC^H. 

II 
C,H,vSC  CH.  .—When  5    grams  of  2-ethyl- 

II  II 

N CH 

mercapto-6-chlorpyrimidine  were  added  to  an  alcoholic  solu- 
tion of  2.8  grams  of  potassium  thiocyanate,  potassium  chloride 
separated  almost  at  once.  The  mixture  was  warmed  on  the 
water-bath  for  3  hours,  the  alcohol  was  then  evaporated  and 
the  residue  treated  with  water.     The  crude  product  weighed  6 
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grams  and,  when  crystallized  from  alcohol,  it  formed  long, 
thin,  light-yellow,  etched  plates,  melting  at  93°.  It  is  readily 
soluble  in  hot  alcohol  and  difficultly  soluble  in  cold. 

Calculated  for 
C9H13ON3S2.  Found. 

N  17.28  16.89 

When  this  urethane  was  boiled  with  concentrated  hydro- 
chloric acid,  until  mercaptan  ceased  being  evolved  and  then 
evaporated,  a  mixture  of  about  equal  quantities  of  uracil  and 
cytosine  was  obtained. 

2-Ethylmercapto-5-inethyl-6-thioureapyrimidine, 
N=z=z=C— NHCS— NH, 

I  I 

C^HjSC  CCH3  .—Eleven  grams  of  2-ethylmer- 

II  II 
N CH 

capto-5-methyl-6-chlorpyrimidine,  30  grams  of  dry,  finely  pow- 
dered potassium  thiocyanate  and  30  cc.  of  toluene  were  mixed 
and  boiled  for  7  hours,  in  an  oil-bath.  The  potassium  thio- 
cyanate was  added,  in  portions  of  10  grams,  from  time  to  time. 
The  mixture  was  filtered  and,  to  a  portion  of  the  solution, 
alcoholic  ammonia  was  added,  the  thioureapyrimidine  then 
separated  in  a  fairly  pure  state.  It  was  moderately  soluble  in 
hot  alcohol  and  benzene,  difficultly  soluble  in  cold  and  crys- 
tallized from  benzene  in  bunches  of  radiating  needles.  It  was 
difl&cultly  soluble  in  hot  water  and  melted,  to  a  clear  oil,  at 
192°. 

Calculated  for 
C8HJ2N4S2.  Found. 

N  24.56  24.30 

2-Ethylmercapto-ymetkyl-6-thionureihanepyrimidine, 
N=:C— NHCS.OCjHj 

I  I 

C.H^SC  CCH3  .—Ten   grams  of   the   chloride 

II  II 
N CH 

were  boiled  with  15  grams  of  dry,  finely  powdered  potassium 
thiocyanate,  in  toluene,  for  15  hours.  Then  an  excess  of  alco- 
hol was  added  and  the  mixture  boiled  again  for  6  hours.  The 
solution  was  filtered  hot  and  evaporated  to  dryness,  the  residue 
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treated  with  water  and  filtered.  It  was  then  taken  up  in 
alkali  and  extracted  with  ether,  the  alkaline  solution  acidified 
with  acetic  acid  and  the  pasty,  semi-solid  precipitate  filtered. 
This  was  dissolved  in  ether  and  dried  with  potassium  carbon- 
ate. On  evaporation  an  oil  was  obtained  which  solidified  com- 
pletely only  after  standing  9  months.  It  was  purified  by  dis- 
solving in  benzene  and  precipitating  with  ligroin,  whereupon 
groups  of  pale-yellow  prisms  separated.  It  melted  at  88°-89°, 
to  a  clear  oil.  It  was  readily  soluble  in  alcohol,  ether  and  ben- 
zene and  diflScultly  soluble  in  water. 

Calculated  for 
C10H16ON3S2.  Found. 

N  16.34  16.71 

2-Ethylmercapto-5-brom-6-isothiocyanpyriinidine, 
N=.;=:CNCS 

I  I 

C,H,SC  CBr     .  —  The     2-ethylmercapto-5-brom-6-chlor- 

II  II 
N CH 

pyrimidine,  used  as  the  starting-point  for  the  following  experi- 
ments, was  described  in  a  previous  paper,'  but  the  boiling-point 
of  the  material  was  not  given.  It  was  observed  to  boil  at  168° 
(24-25  mm.)  and  at  i79°-i8o°  (36  mm.).  Fifteen  gram  por- 
tions of  the  chloride  were  dissolved  in  30  cc.  of  toluene  and  30 
grams  of  finely  pulverized,  dry  potassium  thiocyanate  were 
added,  in  portions  of  10  grams  each,  from  time  to  time.  The 
mixture  was  boiled  for  9  hours,  in  an  oil-bath.  It  was  then 
filtered  and  the  toluene  mostly  removed  by  evaporating  on  the 
water-bath,  under  diminished  pressure.  Petroleum  ether  was 
now  added,  in  slight  amount,  enough  to  separate  an  oily  sub- 
stance. The  solutions  were  quickly  poured  off  from  this 
through  a  filter  and,  on  standing,  beautiful,  small,  pale- 
yellow  prisms  formed,  which  were  purified  by  dissolving  in 
toluene  and  adding  a  small  amount  of  petroleum  ether.  The 
material  was  readily  soluble  in  benzene  and  toluene  and  diffi- 
cultly soluble  in  petroleum  ether.     It  melted  at  79°-8o°. 

Calculated  for 
CyHjNaSzBr.  Found. 

N  15.21  15.45 

>  Wheeler  and  Johnson:  This  Journal,  31,  603  (1904). 
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2-Ethylmercapto-5-brom-6-ihioureapyrimidine. — A  portion  of 
the  toluene  solution  of  the  isothiocyanate  was  mixed  with  alco- 
holic ammonia  in  excess.  Heat  was  evolved  and  the  thiourea 
separated  at  once.  It  was  found  to  be  difficultly  soluble  in 
water  and  alcohol  and  more  soluble  in  benzene,  from  which  it 
crystallized  in  light-yellow  plates,  melting  at  220°, 

Calculated  for 
C7H9N4S2Br.  Pound. 

N  19. II  18.96 

2-Ethylmercapto-5-hrom-6-phenylthioureapyri'midine. — Aniline 
acted  at  once,  with  evolution  of  heat,  on  the  isothiocyanate. 
The  product  was  difficultly  soluble  in  water,  fairly  soluble  in 
benzene,  it  separated  from  alcohol  in  the  form  of  a  felted  mass 
of  fine,  colorless  needles,  which  melted  at  i66°-i67°. 

Calculated  for 

CigHiaNiSoBr.  Found. 

N  15.17  15.03 

2-Ethylmercapto-5-hrofn-6-thionethylurethanepyrimidine, 
N==C— NHCS.OC.H, 

CjHjSC  CBr  .—The    action    of   2-ethylmer- 

II  II 

N CH 

capto-5-brom-6-chlorpyrimidine  on  potassium  thiocyanate,  in 
alcoholic  solution,  was  not  smooth.  In  addition  to  the  thion- 
urethane,  two  other  compounds  were  isolated  as  products  of 
the  reaction.  These  were  2-ethylmercapto-5-brom-6-thio- 
pyrimidine  and  2-ethylmercapto-5-brom-6-aminopyrimidine. 

Thirty-three  grams  of  2-ethylmercapto-5-brom-6-chlorpyrimi- 
dine  were  added  to  a  concentrated  solution  of  20  grams  of  potas- 
sium thiocyanate  in  alcohol  and  the  mixture  was  boiled  for  several 
hours.  At  the  end  of  this  operation  the  odor  of  ethylthio- 
cyanate  was  noticed.  The  solution  was  filtered  and  the  alco- 
hol evaporated.  The  residue  was  treated  with  cold  benzene 
and  filtered,  leaving  2-ethylmercapto-5-brom-6-thiopyrimidine 
and  potassium  thiocyanate  undissolved.  The  benzene  was 
then  evaporated  and  the  residue  treated  with  dilute  sodium  hy- 
droxide and  extracted  with  ether.     The  ether  solution  con- 
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tained  the  2-ethylmercapto-5-brom-6-aminopyrimidine,  melting 
at  124°,  which  was  described  in  a  previous  paper/ 

The  urethane  was  precipitated  from  the  alkaline  solution  by 
means  of  acetic  acid  ;  the  yield  of  crude  material  was  25  grams. 
It  was  readily  soluble  in  hot  alcohol,  difficultly  soluble  in  cold 
and  formed  long,  pointed,  light-yellow,  prismatic  plates,  melt- 
ing at  82°. 

In  two  other  experiments  18.5  grams  of  the  chloride  gave  13 
grams  of  the  urethane  and  15  grams  of  the  chloride  gave  11.5 
grams  of  the  urethane. 

Calculated  for 

CgHiaONjSoBr.  Found. 

N  13-04  12.97 

HN CS 

I  I 
2-Elhylmercapto-5-hrom-6-thiopyrimidine,     C^H^SC           CBr. 

II  II 
N CH 

— The  residue,  left  undissolved  by  cold  benzene,  in  the  above 

preparation  was  washed  with  water,   dried    and    crystallized 

from  benzene.     It  formed  pointed,  etched,  pale-yellow  plates 

and  melted,  with  slight  effervescence,  at  198°. 

Calculated  for 
C6H7N2S2Br.  Found. 

N  II. 15  11.04 

In  the  course  of  some  other  work  Mr.  S.  H.  Clapp  prepared 
this  compound,  by  the  action  of  potassium  hydrosulphide  on 
2-ethylmercapto-5-brom-6-chlorpyrimidine.  When  this  prepa- 
ration was  mixed  with  the  above  the  melting-point  was  not 
altered. 


2-Ethylmercapto-^-brom-6-iminothioethylcarbonatepyrimidine, 
NzzizrC— N=C< 


r— r/ 


I  I  "^OC,H, 
CjHgSC           CBr  . — Six  grams  of  the  above  thion- 

II  II 
N CH 

ethyl  urethane  were  dissolved  in  a  solution  of  0.42  gram  of 
sodium,  in  a  small  quantity  of  absolute  alcohol  and  then  4  grams 

1  This  Jodrnal,  31,  604  (1904)- 
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of  ethyl  bromide  were  added.  On  standing  a  short  time  sodium 
bromide  separated.  The  mixture  was  warmed  on  the  steam- 
bath,  then  filtered  and  evaporated  to  dryness.  The  product  was 
treated  with  ether,  filtered  from  sodium  bromide  and  evapora- 
ted. The  residue,  on  cooling,  solidified.  The  yield  was  found 
to  be  6  grams.  The  product  was  purified  by  crystallizing 
from  alcohol  containing  a  little  water.  It  then  formed  long, 
colorless  prisms,  melting  at  43°,  which  were  readily  soluble  in 
alcohol,  ether  and  warm  ligroin  but  insoluble  in  water. 


Calculated  for 
CiiHigONaSjBr. 

Found. 

12.00 

11.87 

N 

z-Ethylmercapto-^-brom-d-pseudoethylureapyrimidine, 
N=C— N=C— OC.Hj 

I  I  I 

CjHjSC  CBr        NHj  .—This  was  formed,  quantita- 

II  II 
N CH 

tively,  by  passing  ammonia  gas  into  an  alcoholic  solution  of 
the  above  aminothioethylcarbonate.  It  crystallized  from  alco- 
hol in  beautiful,  long  needles,  which  developed  into  thin  plates, 
melting  at  1 10°  and  decomposing  about  230**,  forming  a  tarry 
mass  on  cooling.  It  was  difficultly  soluble  in  hot  water  and 
insoluble  in  cold,  dissolved  readily  in  cold  benzene  and  warm 
alcohol.  It  was  insoluble  in  alkali  and  soluble  in  hydrochloric 
acid. 

Calculated  for 

C8Hi30N4SBr.  Found. 

N  18.3  18. 1 

This  material  can  be  boiled  with  pyridine  (3  hours)  or 
dimethyl  aniline  (10  minutes)  and  recovered  unaltered.  No 
bromine  is  removed  under  these  conditions.  When  heated 
with  pyridine  at  i8o°-i9o'',  in  a  closed  tube,  for  5  hours,  the 
only  crystalline  substance  obtained  was  2-ethylmercapto-5- 
brom-6-aminopyriraidine.  This  substance  was  also  obtained 
when  the  material  was  boiled  with  formic  acid.  A  nitrogen 
determination  gave  17.7  per  cent,  while  the  calculated  is  17.9 
per  cent.  The  action  of  concentrated  aqueous  ammonia,  in  a 
closed  tube,  first  at  90°  for  3  hours,  then  at  145°-! 50"  for  4^ 


Researches  on  Pyrimidines.  457 

hours,  gave  the  same  result.  The  hydrochloride  of  this  base 
was  obtained  when  the  pseudourea  was  warmed,  for  a  short 
time,  with  concentrated  hydrochloric  acid.  About  0.5  gram 
of  the  pseudourea  was  dissolved  in  benzene  and  treated  with 
an  excess  of  sodium,  the  mixture  was  boiled  for  12  hours. 
The  metal  became  coated  with  a  thick  deposit  and,  on  filtering 
and  evaporating  the  benzene,  there  was  no  residue.  The 
sodium  and  coating  was  treated  with  alcohol  and  a  portion  was 
acidified  with  nitric  acid,  whereupon  silver  nitrate  gave  no  in- 
soluble precipitate,  and,  therefore,  no  bromine  had  been  re- 
moved. On  acidifying  the  alkaline  solution  with  acetic  acid 
and  evaporating,  a  substance  was  obtained  melting  at  287°, 
with  effervescence.  On  dissolving  in  acetone  and  precipitating 
with  ether  it  effervesced  at  310°.  It  was  concluded  that  this 
material  was  2-ethylmercapto-5-hrom-6-cyanamidepyrimidine,  not 
only  from  its  mode  of  formation,  but  also  because,  on  warm- 
ing with  dilute  hydrochloric  acid,  it  gave  the  following  urea 
derivative : 

2-Ethylmercapto-5-hroin-6-ureapyrimidine, 
N=C— NHCONH, 

I  I 

CjH^SC  CBr  .—This  was  also  produced  by  al- 

ii II 

N CH 

lowing  the  above  pseudourea  to  stand  dissolved  in  cold  con- 
centrated hydrochloric  acid.  After  several  days  the  urea 
separated  on  adding  water.  It  crystallized  from  alcohol  in 
short,  pointed  plates  which,  on  long  standing,  developed  into 
stout  prisms  and  melted,  when  slowly  heated,  at  167°. 

Calculated  for 

C7H90N4SBr.  Found. 

N  20.2  19.8 

If  this  material  is  heated  to  its  melting-point,  cooled  and  re- 
heated, it  melts  unaltered.  If  the  heating  is  continued  a  little 
above  its  melting-point  it  slowly  becomes  semi-solid.  One 
gram  of  the  urea  derivative  was  heated,  in  a  test-tube,  at  170°- 
180°,  a  portion  sublimed,  crystallizing  in  prismatic  plates  in 
the  cool  part  of  the  tube.     This  melted  at  124°  and,  when 
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mixed  with  some  2-ethylmercapto-5-brom-6-aminopyrimidine, 
the  melting-point  was  not  altered. 

When  this  urea  was  boiled  with  concentrated  hydrochloric 
acid  5-bromcytosine'  was  obtained. 

HN CO 

I  I 

2-Thiouracil,   SC  CH. — This  compound  was   first   ob- 

I  II 

HN CH 

tained .along  with  2-ethylmercapto-6-oxypyrimidine,  when  pseu- 
doethylthiourea,  containing  some  thiourea,  was  condensed  with 
ethyl  sodium  formylacetate.  A  concentrated  aqueous  solution 
of  150  grams  of  ethyl  sodium  formylacetate  was  mixed  with  a 
saturated  solution  of  50  grams  of  thiourea.  The  mixture  was 
then  warmed  on  the  steam-bath  for  a  short  time,  cooled  and 
the  deep  red  solution  was  precipitated  with  a  slight  excess  of 
acetic  acid.  A  yellowish- white,  granular  precipitate  separated, 
weighing  50  grams.  This  crystallized  from  alcohol  or  water 
in  colorless  prisms.  It  is  difficultly  soluble  in  these  solvents. 
When  heated,  it  effervesces  above  300°. 

Calculated  for 
C4H40N2S.  Found. 

N  21.8  21.9 

2-Ethylmercapto-6-anilinopyrimidine  hydrochloride  was  pre- 
pared by  mixing  2-ethylmercapto-6-chlorpyrimidine  ( 10  grams) 
with  aniline  (5.3  grams),  after  standing  over  night,  then  warm- 
ing on  the  water-bath  for  several  hours,  the  mixture  solidified. 
It  was  readily  soluble  in  hot  alcohol  and  hot  water  and  crys- 
tallized in  the  form  of  colorless  needles  or  prisms.  It  melted 
at  198°  with  effervescence. 

Calculated  for 
C12H14N3SCI.  Found. 

N  15-7  15-9 

When  this  hydrochloride  was  dissolved  in  hot  water  and  pre- 
cipitated with  ammonia,  an  oil  separated.  This  finally  solidi- 
fied and  was  purified  by  repeatedly  dissolving  in  alcohol  and 
precipitating  with  water.  The  base  is  very  soluble  in  alcohol. 
It  formed  fine,  colorless  needles  and  melted  at  68°. 

1  This  Journal,  31,  604  (1904). 
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Calculated  for 
CiaHjsNaS.  Found. 

N  18. 1  18.2 

2-Oxy-6-anilinopyri'midine  (  Phenylcytosine) , 
N— C— NHQHs 

OC  CH  . — The  hydrochloride  of  this  base  was 

I  II 

HN CH 

obtained  by  boiling  the  above  hydrochloride  with  strong  hydro- 
chloric acid.  It  formed  colorless  needles  or  prisms,  from  water 
or  alcohol,  which  effervesced  at  228°.  This  material  was  dis- 
solved in  hot  water  and  ammonia  was  added,  whereupon 
bunches  of  colorless  needles  separated.  Unlike  cytosine,  this 
substance  crystallizes  without  water  of  crystallization.  It  is 
fairly  soluble  in  hot  alcohol  and,  from  this  solvent,  it  sepa- 
rates in  beautiful,  colorless,  six-sided  plates.  When  slowly 
heated  it  melted  at  about  269°. 

Calculated  for 
C10H10ON3.  Found. 

N  22.3  22.6 

The  chlorplatinate  formed  groups  of  radiating  yellow  prisms. 
A  platinum  and  water  determination  agreed  with  the  calcula- 
ted for  a  normal  salt  with  i  molecule  of  water  of  crystalliza- 
tion. The  formation  of  platinum  chloride  double  salts  with 
water  of  crystallization  seems  to  be  of  frequent  occurrence  in 
the  pyrimidine  series. 

Calculated  for 
(CioHioON3)2H2PtClo.H20.  Found. 

Pt  24.24  24.31 

HjO  0.22  0.26 

N: C— NHC,H, 

2,6-Dianilinopyriinidine,  CgHgNHC  CH  . — The 

N CH 

hydrochloride  of  this  base  was  obtained  when  2-ethylmercapto- 
6-chlorpyrimidine  was  heated  to  150°,  with  2  molecular  propor- 
tions of  aniline.  The  compound  formed  arborescent  needles 
from  alcohol  and  melted  at  197°. 


N 


Calculated  for 
C16H16N4CI. 

Found. 

18.76 

18.59 
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The  free  base,  obtained  by  boiling  the  hydrochloride  with 
aqueous  ammonia,  crystallized  from  alcohol  in  six-sided  plates. 
It  is  insoluble  in  water  and  fairly  soluble  in  hot  benzene  and 
ether.     It  melted  at  136°-! 37°. 

Calculated  for 

CigH^Ni.  Found. 

N  21.38  21.42 

HN CO 

I  I 

2-Ethylmercapto-5-phenyluracil,   C,HjSC  CCjHj,  was  ob- 

N CH 

tained  by  condensing  sodium  phenylformylethylacetate*  with 
the  ethyl  iodide  addition-product  of  thiourea,  in  alkaline  solu- 
tion. The  yield  was  very  poor.  The  substance  crystallized 
from  alcohol  in  long,  needle-like  prisms,  melting  at  158°.  In 
alcohol  and  hot  water  it  is  readily  soluble. 


Calculated  for 
CijHiaONjS. 

Found. 

12.07 

12.12 

CO 

N 

HN 

I  I 

yPhenyluracil,   OC  CCgH^. — When  the  above  compound 

I  II 

HN CH 

was  digested  on  the  steam-bath,  with  concentrated  hydrochloric 
acid,  for  a  number  of  hours,  mercaptan  was  evolved  and  diffi- 
cultly soluble  material  was  obtained.  The  product  was  spar- 
ingly soluble  in  hot  alcohol  and  water,  but  it  separated  from 
these  solutions,  on  cooling,  in  a  flocculent  mass  of  what  ap- 
peared to  be  microscopic  plates.  It  did  not  melt  at  350°.  It 
is  soluble  in  alkali  and  can  be  precipitated  unaltered  by  hydro- 
chloric acid. 

Calculated  for 
CjoHgOjNs.  Found. 

N  14-89  14-87 

The  isomeric  4-phenyluracil  has  been  described  by  Fischer 
and  Roeder*  and  it  was  also  obtained  by  one  of  us.' 

New  Haven,  Conn., 
January,  1905. 

1  Wislicenus:  Ber.  d.  chem.  Ges.,  20,  2933  (1887). 

*  Ibid.,  34,  3751  (1901). 

*  Wheeler  and  Merriam  :  This  Journal,  ap,  490  (1903). 
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X.— CASEIN  AND  PARACASEIN  IN  SOME  OF  THEIR 
RELATIONS  TO  BASES  AND  ACIDS. 

By  Lucius  ly.  Van  Slyke  and  Edwin  B.  Hart. 

For  several  years  we  have  been  studying  the  chemical 
changes  that  occur  in  the  process  of  cheese-making  and  cheese- 
ripening.  Early  in  our  work  we  extracted  fresh  and  partially 
ripened  cheese  with  dilute  solution  of  sodium  chloride,  follow- 
ing a  suggestion  of  Chittenden/  who  had  shown  that,  in  a  pep- 
tic digestion  of  casein,  heterocaseose  was  formed  only  in  small 
amounts. 

As  we  obtained,  by  our  extraction  with  dilute  salt  solution, 
amounts  of  proteid  representing  often  as  much  as  75-80  per 
cent  of  the  total  nitrogen  present  in  the  cheese,  it  became  ap- 
parent that  we  were  dealing  with  some  compound  other  than 
heterocaseose.  The  first  suggestion,  throwing  any  light  on 
the  method  of  formation  of  this  salt-soluble  substance,  came  in 
the  following  manner  :  In  studying  the  action  of  galactase  in 
cheese-ripening,  we  made  cheddar  cheese  from  milk  containing 
chloroform,  added  for  the  purpose  of  inhibiting  bacterial  ac- 
tion. Under  these  conditions  no  lactic  acid  was  present.  In 
order  to  approximate  more  closely  to  the  conditions  present  in 
normal  cheddar  cheese  we  added,  in  a  parallel  experiment,  a 
small  quantity  of  lactic  acid,  the  other  conditions  being  kept 
uniform.  We  noticed  at  once  that,  when  no  acid  was  present 
in  the  cheese,  we  found  little  or  no  salt-soluble  substance, 
while  in  the  cheese  containing  a  little  added  lactic  acid  there 
were  present  marked  quantities  of  the  salt-soluble  product. 
This  fact  suggested  that  lactic  acid  was  a  necessary  agent  in 
forming  the  salt-soluble  proteid  found  by  us  in  cheese.  Hence 
we  were  led  to  believe  that  there  is  a  chemical  combination 
between  the  paracasein  of  the  fresh  cheese-curd  and  the  lactic 
acid  formed  from  milk-sugar  during  the  cheese-making  pro- 
cess. We  were  also  able  to  form  salt-soluble  proteids  by  treat- 
ing paracasein  with  such  acids  as  acetic,  hydrochloric  and  sul- 
phuric.     In  each  case  definite  amounts  of  acid  disappeared 

»  "  studies  in  Physiol.  Chem.,"  Yale  Univ.,  a,  156  (1885-6). 
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and  the  proteid  treated  underwent  marked  and  definite  changes 
in  properties.  By  treating  the  salt-soluble  compound  with 
about  the  same  amount  of  acid  as  was  required  to  form  it  from 
paracasein,  we  obtained  a  body  insoluble  in  salt  solution  and 
dififering  also  in  other  properties.  We  were  thus  led  to  con- 
clude that  two  series  of  salts  were  formed  by  treating  para- 
casein with  acids,  one  containing  twice  as  much  acid  in  com- 
bination as  the  other.  We  therefore  called  the  salt-soluble 
compound,  found  in  normal  cheddar  cheese,  paracasein  mono- 
lactate  and  the  one  insoluble  in  salt  solution,  paracasein  dilac- 
tate.  We  also  found  the  same  behavior  in  the  case  of  milk- 
casein  when  treated  by  acids.  The  two  series  of  compounds 
varied  in  respect  to  many  of  their  properties.'  Our  conclu- 
sions were  based  upon  the  fact  that,  when  casein  or  paracasein 
is  treated  with  an  acid  in  definite  quantities,  we  obtain  com- 
pounds of  definitely  characteristic  properties. 

We  desired,  however,  if  possible,  to  carry  our  work  farther 
and  prove,  beyond  question,  that  there  is  an  actual  chem- 
ical combination  between  acid  and  proteid.  We  wished  to  pre- 
pare the  free  proteid  and  then  treat  this  with  acid  and  study 
the  results. 

Hammarsten^  made  a  special  study  of  the  interaction  of 
casein  and  acids  and  concluded  that  there  was  no  ground  for 
believing  that  a  chemical  combination  takes  place  between 
casein  and  the  acid  used  to  precipitate  it.  He  based  his  state- 
ment on  the  fact  that,  by  triturating  for  several  days,  in  a 
mortar,  with  different  portions  of  water,  a  precipitate  formed 
by  casein  with  an  acid,  he  was  able  to  remove  the  acid  so 
completely  that  the  remaining  precipitate  gave  no  test  for  it. 
The  substance  which  he  used  in  his  work  was  what  we  have 
called  a  di-acid  compound  of  casein.  In  repeating  Hammar- 
sten's  work  we  were  able  to  obtain  a  substance  free  from  the 
acids  used  as  precipitants  and  also  practically  free  from  ash. 
We  found  this  substance,  when  freshly  prepared,  readily  solu- 
ble in  warm  dilute  salt  solution  and  in  hot  dilute  alcohol  ;  it 
also  showed  the  ductile  and  plastic  properties  of  the  substance 
we  called  a  mono-salt  of  casein.     The  facts,  as  they  presented 

1  This  Journal,  28,  411-438  {1902). 

2  Maly:  Jahres.  d.  Thierchemie,  7,  160  (1877). 
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themselves  to  us  at  this  point,  were  as  follows  :  A  precipitate, 
formed  by  treating  milk-casein  with  an  acid,  being  what  we 
called  a  di-salt  of  casein,  was,  by  continuous  washing  and 
trituration,  converted  into  a  substance  free  from  the  acid  used 
as  precipitant  and  nearly  free  from  ash  ;  the  substance  pre- 
cipitated by  acid,  insoluble  in  warm  dilute  salt  solution  and  in 
hot  50  per  cent  alcohol,  was,  by  continuous  trituration  under 
water  and  washing,  converted  into  a  substance  easily  soluble 
in  warm  dilute  salt  solution  and  in  hot  50  per  cent  alcohol. 
There  was  also  a  simultaneous  change  in  other  properties. 
Thus,  what  we  called  a  di-salt  of  casein  was  changed  into  what 
we  had  termed  a  mono-salt  of  casein,  but  the  latter  was  free 
from  acid  and  ash. 

In  our  early  study  we  recognized,  in  a  limited  way,  the  re- 
lation of  inorganic  salts  in  milk  to  the  neutralization  of  acid. 
We  noticed  that  when  milk,  coagulated  by  rennet  enzyme,  is 
treated  with  varying  amounts  of  acid,  the  quantity  of  salt-sol- 
uble substance  did  not  increase  until  a  certain  amount  of  acid 
had  been  added,  after  which  it  increased  quite  out  of  propor- 
tion to  the  larger  amount  of  acid  used.  It  was  suggested  that 
the  formation  of  the  salt-soluble  compound  did  not  begin  until 
certain  inorganic  salts  of  the  milk  had  been  neutralized.^ 

After  developing  the  later  facts  described  above,  we  decided 
to  study  more  fully  the  following  questions  : 

1.  What  is  the  relation  between  milk-casein  and  the  salt-sol- 
uble compounds  which  we  have  called  casein  mono-salts  ? 

2.  What  is  the  relation  between  the  two  series  of  compounds 
previously  called  casein  mono-salts  and  casein  di-salts  ? 

3.  What  is  the  relation  of  casein  and  its  derivatives  to  para- 
casein and  its  derivatives  ? 

It  may  be  well  to  state,  once  for  all,  that  our  work  deals  ex- 
clusively with  the  casein  of  cows'  milk  and  the  products  derived 
from  it. 

The  Relation  of  Milk-Casein  to  the  Casein  Compounds  Soluble  in 
Dilute  Salt  Solutions. 

A  study  of  the  relation  of  milk-casein  to  the  salt-soluble  sub- 
stance, which  we  have  previously  called  a  casein   mono-salt, 

1  This  Journal,  38,  428  (1902). 
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naturally  resolves  itself  into  a  study  of  the  two  following  ques- 
tions :  (i)  What  is  milk-casein,  especially  in  relation  to  inor- 
ganic compounds?  (2)  What  is  the  salt-soluble  compound 
formed  from  milk-casein  ? 

The  Relation  of  Inorganic  Compounds  to  Milk-Casein. — Does 
casein,  as  it  is  found  in  cows'  milk,  exist  as  a  free  proteid,  or 
is  it  in  some  form  of  combination  with  an  inorganic  compound? 

Hammarsten,  who  must  be  regarded  as  the  most  successful 
pioneer  worker  in  this  field,  has  not  clearly  and  specifically 
stated  what  he  considers  milk-casein  to  be.  He  does  not  ap- 
pear to  make  any  chemical  distinction  between  ash-free  casein, 
as  prepared  from  cows'  milk  by  his  well-known  method  and 
casein  as  it  is  found  in  milk.  He  appears  to  favor  the  idea 
that  there  is,  in  milk-casein,  some  kind  of  physical  relation  be- 
tween the  proteid  and  calcium  phosphate,  casein  acting  as  a 
solvent  for  calcium  phosphate.*  Eugling^  held  that  casein  en- 
ters into  combination  with  tricalcium  phosphate  and  the  same 
view  was  held  by  Schaeflfer.'  Soldner*  showed  that  casein, 
prepared  from  cows'  milk,  can  form  two  calcium  salts,  (i)  a 
basic  calcium  casein,  containing  about  2.36  per  cent  of  calcium 
oxide,  neutral  to  phenolphthalein,  but  alkaline  to  litmus  ;  (2) 
a  neutral  calcium  casein,  containing  about  1.55  per  cent  of  cal- 
cium oxide,  slightly  acid  to  phenolphthalein  and  neutral  or 
slightly  alkaline  to  litmus.  Soldner  believed  that  this  neutral 
calcium  casein  is  probably  the  form  existing  in  milk,  owing  to 
its  reaction  and  to  its  coagulability  by  rennet  in  the  presence  of 
soluble  calcium  salts.  He  also  held  that  calcium  phosphate, 
usually  found  in  casein  precipitates,  exists  in  a  condition  of 
suspended  particles,  finely  divided  and  not  in  chemical  com- 
bination with  casein.  Courant^  confirmed  the  work  of  Soldner, 
calling  the  basic  calcium  compound  tri-calcium  casein  and  the 
neutral  compound  di-calcium  casein.  He  also  reported,  on 
what  seems  to  us  as  rather  intangible  evidence,  a  mono-calcium 
casein,  the  existence  of  which  has  not  been  confirmed  and  ap- 
pears doubtful.     He  regards  milk-casein  as  made  up  partly  of 

1  Maly:  Jahres.  d.  Thierchemie,  4,  146  (1874). 
s  I,andw.  Versuchs-Stat.,  31,  39a  (1885). 
3  Landw.  Jahrb.  d.  Schweiz,  1,  33  (1887). 
♦  Landw.  Versuch-Stat.,  35,  351  (1888). 
'  Pfliigers  Arch.,  50,  109  (1891). 
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di-  and  partly  of  mono-calcium  casein.  Courant's  work  was  en- 
tirely volumetric  and  no  attempt  was  made  to  isolate  the  indi- 
vidual compounds.  Lehman  and  Hempel^  regard  milk-casein 
as  a  double  compound,  formed  by  the  combination  of  calcium 
casein  and  calcium  phosphate. 

Our  work  confirms  Soldner's,  which  was  carried  on  mostly 
by  volumetric  methods,  whereas  we  have  succeeded  in  isola- 
ting the  two  calcium  casein  compounds  described  by  him. 

Preparation  of  Casein. — We  prepared  caesin  by  Hammar- 
sten's  method,  repeating  the  precipitation  and  solution  4  times. 
The  precipitate  was  finally  dissolved  in  20  liters  of  very  dilute 
ammonia  water  and  precipitated  by  dilute  acetic  acid.  The 
precipitate  was  ground  in  a  mortar  several  times,  with  water, 
then  with  alcohol,  after  which  it  was  treated  with  ether  and 
dried  at  100°.  Thus  prepared,  the  casein  contained  only  0,042 
per  cent  of  ash.  The  preparation  was  still  slightly  soluble  in 
warm  salt  solution  and  in  hot  50  per  cent  alcohol. 

Behavior  of  Casein  Preparation  toward  Calcium  Carbonate. — 
We  rubbed  in  a  mortar  o.  5  gram  of  the  casein  preparation  de- 
scribed above  with  finely  divided  calcium  carbonate,  suspended 
in  water.  The  mixture  was  filtered  several  times  through 
paper,  giving  a  slightly  opalescent  solution.  This  solution 
was  precipitated  by  95  per  cent  alcohol,  the  precipitate  was 
washed  several  times  with  alcohol,  then  treated  with  ether  and 
dried  at  100°.  The  product  contained  2.46  per  cent  of  cal- 
cium oxide,  agreeing  very  closely  with  Soldner's  work,  in 
which  he  showed,  by  an  indirect  method,  that  a  casein  prepa- 
ration, treated  with  calcium  carbonate,  combined  with  2.39  per 
cent  of  calcium  oxide.  A  part  of  this  calcium  casein  prepara- 
tion was  dissolved  in  dilute  ammonia,  reprecipitated  by  dilute 
acetic  acid  and  the  precipitate,  after  thorough  washing  and 
filtering,  was  again  obtained  practically  ash-free. 

Solubility  of  Casein  Preparation  in  Lime-Water. — We  dis- 
solved 3  grams  of  our  original  casein  preparation  in  lime-water 
and  obtained  an  opalescent  solution. 

Preparation  of  Basic  Calcium  Casein. — The  lime-water  solu- 
tion of  casein  was  made  neutral  to  phenolphthalein  by  N/io 

1  Pflugers  Arch,,  56,  558  (1894), 
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hydrochloric  acid  and  became  somewhat  more  milky.  This 
solution  was  treated  with  95  per  cent  alcohol  and  the  resulting 
precipitate,  which  readily  separated,  was  washed  several  times 
with  alcohol,  finally  with  ether  and  dried  at  100°,  This  pre- 
cipitate contained  0.75-1.2  per  cent  of  calcium  chloride,  either 
as  the  result  of  occlusion  or,  possibly,  of  a  loose  combination 
with  the  proteid.  Chlorine  and  calcium  determinations  were 
made  with  the  following  results:  1.24  grams  of  material 
yielded  0.0331  gram  of  CaO.  There  was  present  0.0063  gram 
of  CI,  equivalent  to  0.0097  gram  of  CaCl^,  or  0.0047  gram  of 
CaO.  This  would  leave  0.0284  gram  of  CaO  combined  with 
casein,  or  2.29  per  cent.  The  compound  was,  therefore,  the 
basic  calcium  casein  of  Soldner.  It  was  insoluble  in  5  per  cent 
salt  solution  and  in  hot  50  per  cent  alcohol. 

Preparation  of  Neutral  Calcium  Casein. — When  a  solution  of 
casein  in  lime-water  is  made  neutral  to  phenolphthalein,  the 
basic  calcium  casein  is  formed  containing  about  2.40  (2.29- 
2.46)  per  cent  of  calcium  oxide.  When  the  addition  of  acid  is 
carried  farther,  a  point  is  reached  where  the  solution  becomes 
neutral  to  litmus  and  much  more  milky  in  appearance  than  the 
solution  neutral  to  phenolphthalein.  A  solution  of  casein  in 
lime-water  was  made  neutral  to  litmus  by  the  addition  of  N/io 
hydrochloric  acid  ;  to  this  solution  alcohol  was  added,  throw- 
ing down  a  white  precipitate.  The  precipitate  was  washed 
with  alcohol  and  ether  and  dried  at  100°.  It  contained  1.13 
per  cent  of  calcium  chloride.  Analysis:  1.27  grams  gave 
0.0257  gram  of  CaO  and  0.0093  gram  of  CI,  equivalent  to 
0.0072  gram  of  CaO,  leaving  0.0185  gram  of  CaO  or  1.46  per 
cent  as  combined  with  the  proteid.  Soldner  recognized  this 
combination  and  attributed  to  it  a  content  of  1.55  per  cent  of 
calcium  oxide.  Another  preparation  contained  0.86  per  cent 
of  calcium  chloride  and  1.48  per  cent  of  calcium  oxide  com- 
bined with  casein. 

Behavior  of  Calcium  Casein  Solution  toward  Rennet  Enzyme 
and  Calcium  Chloride. — A  solution  of  basic  calcium  casein,  the 
compound  neutral  to  phenolphthalein,  is  not  coagulated  by  ren- 
net enzyme  either  in  the  presence  or  absence  of  soluble  calcium 
salts,  such  as  calcium  chloride.     A  solution  of  neutral  calcium 
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casein,  the  compound  neutral  to  litmus,  is  coagulated  by  ren- 
net in  the  presence  of  soluble  calcium  salts.  When  soluble 
calcium  salts  are  removed  by  ammonium  oxalate,  no  coagula- 
tion occurs.  These  statements  are  in  agreement  with  the  ob- 
servations of  others. 

Casein  Present  in  Milk  as  Neutral  Calcium  Casein. — Our  re- 
sults appear  to  confirm,  in  every  respect,  the  work  of  Soldner 
in  regard  to  the  relation  of  inorganic  compounds  to  milk- 
casein.  We  have  had  the  advantage  of  isolating  the  two  com- 
pounds, which  with  him  were  more  largely  matters  of  infer- 
ence. Of  these  two  calcium  casein  derivatives,  the  one  con- 
taining about  1.55  per  cent  of  calcium  oxide,  neutral  to  litmus 
and  coagulable  by  rennet  enzyme  in  the  presence  of  soluble 
calcium  salts,  appears  to  meet  all  the  requirements  of  milk- 
casein. 

The  Behavior  of  Calcium  Casein  Compounds  toward  Soluble 
Calcium  Salts. — Basic  calcium  casein,  prepared  by  dissolving 
free  casein  in  lime-water  and  making  neutral  to  phenolphthal- 
ein  by  acid,  is  coagulated  by  soluble  calcium  salts  on  warming 
at  35°-4o°.  The  coagulum  is  insoluble  in  warm,  5  per  cent 
salt  solution.  If  any  soluble  calcium  salts  present  are  removed 
by  treatment  with  ammonium  oxalate,  the  basic  calcium  casein 
is  not  coagulated  on  warming. 

Neutral  calcium  casein,  prepared  by  dissolving  free  casein  in 
lime-water  and  making  neutral  to  litmus,  is  coagulated  on 
warming  by  soluble  calcium  salts.  The  coagulum  is  insoluble 
in  warm  dilute  salt  solution.  The  neutral  calcium  casein  ex- 
isting in  milk  is  coagulated,  on  warming,  by  a  few  drops  of 
calcium  chloride  solution.  If  we  add  to  milk  an  amount  of 
acid  insufficient  to  cause  coagulation,  or  to  remove  from  its 
combination  the  calcium  of  the  calcium  casein,  we  can  produce 
some  coagulation  on  warming.  This  is  probably  due  to  the 
conversion  of  insoluble  into  soluble  calcium  salts  and  the  same 
result  follows  as  when  we  add  a  soluble  calcium  salt  directly 
to  the  milk. 

The  coagulation  of  calcium  casein  compounds,  by  a  soluble 
calcium  salt,  may  be  due  to  purely  physical  change  in  the  cal- 
pium  casein  compounds,  or  there  may  be  a  loose  chemical  com-: 
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bination  between  the  soluble  calcium  salt  and  the  calcium 
casein  derivatives,  the  resulting  compound  being  insoluble  in 
the  neutral  or  slightly  acid  medium. 

The  Relation  of  the  Salt-Soluble  Compound  of  Casein  to  Milk- 
Casein. — The  preparations  of  calcium  casein,  while  slightly  sol- 
uble in  hot  50  per  cent  alcohol,  were  insoluble  in  warm  5  per 
cent  salt  solution.  None  of  them  showed,  in  any  marked  de- 
gree, the  properties  of  the  compounds  that  we  have  called 
casein  mono-salts.  We  have  already  called  attention  to  the 
fact  that,  in  making  an  ash-free  preparation  of  casein  from 
cows'  milk,  we  found  it  to  be  readily  soluble  in  both  warm  di- 
lute salt  solution  and  in  hot  50  per  cent  alcohol.  This  suggested 
that  there  might  be  a  close  relation  between  these  compounds 
and  we  therefore  made  several  preparations,  the  details  of 
which  we  now  give. 

Preparation  i,  by  the  Use  of  Hydrochloric  Acid. — Two  liters  of 
skimmed  milk  were  diluted  with  5  volumes  of  distilled  water 
and  the  mixture  was  warmed  to  45°.  Dilute  hydrochloric  acid 
was  added,  accompanied  by  vigorous  stirring  to  keep  the  pre- 
cipitate in  a  finely  divided  condition.  After  the  precipitate 
had  settled,  the  supernatant  liquid  was  poured  ofF,  the  precipi- 
tate was  triturated  in  a  mortar  with  water  and  finally  allowed 
to  drain  on  filter-paper.  It  was  then  removed  from  the  filter- 
paper,  mixed  with  water  at  45°-50°,  triturated  and  filtered 
again.  This  was  repeated  4  or  5  times  a  day  and  continued 
until  the  filtrate  gave  no  test  for  chlorides,  which  required  4 
days.  When  the  precipitate  had  finally  been  drained  it  was 
washed  with  95  per  cent  alcohol.  Some  of  the  proteid  went 
into  solution,  owing  to  dilution  of  the  alcohol  by  the  water 
still  present  in  the  precipitate  and  this  partial  solution  stopped 
only  after  a  large  volume  of  alcohol  had  been  used.  The  pre- 
cipitate was  finally  washed  with  ether  and  dried  at  100°.  The 
product  was  a  very  friable,  white  powder.  It  was  still  some- 
what soluble  in  hot  50  per  cent  alcohol  and  warm  5  per  cent 
salt  solution.  These  solubilities  are  much  more  marked  before 
treatment  with  strong  alcohol  and  ether.  The  product  was 
practically  ash-free,  5.28  grams  yielding  0.02  per  cent  of  ash. 
The  preparation   was   quite  free  from  chlorides,   this  being 
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shown  in  the  following  manner  :  We  dissolved  o.  5  gram  in 
hot,  concentrated  nitric  acid,  to  which  was  added  a  crystal  of 
silver  nitrate.  The  whole  was  boiled  until  complete  solution 
of  the  proteid  had  occurred.  No  precipitate  of  silver  chloride 
was  formed. 

Preparation  2,  by  Hammarsten's  Method. — We  used  2  liters 
of  skim-milk  and  followed  in  exact  detail  the  method  described 
by  Haramarsten.^  Before  treatment  with  alcohol  this  prepara- 
tion was  readily  soluble  in  warm  dilute  salt  solution  and  in  hot 
50  per  cent  alcohol.  It  contained  1.06  per  cent  of  ash.  It  was 
shown  to  be  free  from  acetate  in  the  following  manner  :  We 
dissolved  0.5  gram  in  dilute  sodium  hydroxide,  then  precipita- 
ted the  proteid  by  hydrochloric  acid  and  filtered.  The  filtrate 
was  made  alkaline  and  evaporated  to  dryness.  The  residue 
gave  no  evidence  of  ethyl  acetate  when  heated  with  alcohol 
and  sulphuric  acid. 

Preparation  J ,  by  the  Use  of  Hydrochloric  A  cid. — We  used  2  liters 
of  skim-milk,  diluting  it  with  15  liters  of  distilled  water  and 
precipitating  the  casein  by  hydrochloric  acid.  The  separated 
proteid  was  allowed  to  drain  on  filter-paper  and  washed  with 
water  at  45°.  It  was  then  mixed  with  water  and  triturated 
and  washed  several  times.  The  precipitate  soon  showed 
marked  solubility  in  warm  dilute  salt  solution  and  hot  50  per 
cent  alcohol.  The  washing  was  continued  until  all  chlorides 
were  removed.  The  precipitate  was  finally  washed  with  alco- 
hol and  ether  and  dried  at  100°.  It  was  free  from  chlorides. 
Its  solubility  in  alcohol  or  salt  solution  was  now  slight.  The 
ash  content  was  0.81  per  cent.  We  have  noticed  that  the  de- 
gree of  fineness  of  the  proteid,  after  precipitation,  largely  in- 
fluences the  ash  content. 

Preparation  4,  by  the  Use  of  Sulphuric  Acid. — The  same  method 
was  followed  as  that  described  in  preparation  3,  except  that 
we  used  sulphuric  acid  as  the  precipitant  in  place  of  hydro- 
chloric acid.  Triturating  this  preparation,  under  different  por- 
tions of  water,  4  or  5  times  a  day,  we  had  to  continue  the  opera- 
tion 19  days  before  the  filtrate  failed  to  show  the  presence  of 
sulphuric  acid.     A  little  chloroform  was  added  from  time  to 

1  Maly:  Jahres.  d.  Thierchemie,  7,  159  (1877). 
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time,  to  prevent  bacterial  action.  The  proteid  was  found  to 
be  entirely  free  from  sulphuric  acid.  The  extreme  difficulty 
in  removing  the  sulphuric  acid  was  due  to  the  formation  of 
calcium  sulphate  in  the  first  precipitation  and  to  its  slow  solu- 
bility in  water.  This  preparation  had  an  ash  content  of  0.56 
per  cent.  During  the  process  of  removing  the  sulphuric  acid 
the  precipitate  was  readily  soluble  in  hot  50  per  cent  alcohol 
and  in  warm  5  per  cent  solution  of  sodium  chloride.  After 
treatment  with  alcohol  these  solubilities  were  almost  entirely 
lost. 

Preparation  5,  made  from  Lime-Water  Solution  of  Casein. — If 
we  dissolve  an  ash-free  preparation  of  casein  in  lime-water  and 
add  N/io  hydrochloric  acid  until  blue  litmus  is  just  turned  red, 
no  visible  separation  of  proteid  occurs.  If  we  continue  to  add 
acid  the  proteid  separates  and  complete  precipitation  occurs 
when  all  the  calcium  in  the  original  lime-water  solution  has 
been  neutralized.  This  can  be  shown  quantitatively  in  the 
following  manner  :  Of  the  lime-water  employed,  50  cc.  re- 
quired for  neutralization  19.2  cc.  of  N/io  hydrochloric  acid, 
using  phenolphthalein.  We  dissolved  0.5  gram  of  ash-free 
casein  in  50  cc.  of  this  lime-water.  On  titration,  the  neutral 
point,  with  phenolphthalein,  was  reached  when  we  had  used 
15.2  cc.  of  N/ 10  hydrochloric  acid.  This  means  that  calcium 
oxide,  equivalent  to  4  cc.  of  N/io  hydrochloric  acid,  was  no 
longer  present  as  calcium  hydroxide,  that  is,  0.0112  gram  of 
calcium  oxide.  This  amount  had  combined  with  the  0.5  gram 
of  proteid,  forming  2.24  per  cent  of  the  calcium  proteid  com- 
pound and  this  proportion  indicates  the  basic  calcium  casein. 

When  we  had  added  16.4  cc.  of  N/io  hydrochloric  acid  the 
solution  was  just  blue  to  litmus.  This  indicates  that  calcium 
oxide,  equivalent  to  2.8  cc.  of  N/io  hydrochloric  acid,  or 
0.00784  gram  of  calcium  oxide,  was  no  longer  present  as  cal- 
cium hydroxide  but  had  combined  with  the  0.5  gram  of  pro- 
teid, forming  1.57  per  cent  of  the  calcium  proteid  combination; 
this  proportion  indicates  the  neutral  calcium  casein. 

When  we  had  added  16.6  cc.  of  N/io  hydrochloric  acid  to 
the  lime-water  solution  of  casein,  litmus  was  turned  red,  but 
no  precipitation  occurred.     After  18.5CC.  of  N/io  hydrochloric 


Casein  and  Paracasein.  471 

acid  had  been  added  a  precipitate  began  to  form  and  was  com- 
plete when  we  had  added  19.2  cc.  N/io  hydrochloric  acid,  or 
just  enough  to  combine  with  all  the  calcium  originally  present 
in  the  solution  used.  This  work  was  repeated  with  closely 
agreeing  results.  This  precipitate  is,  therefore,  base-free  casein. 
A  preparation,  made  in  this  manner  and  thoroughly  washed, 
showed  that  all  the  calcium  was  present  as  calcium  chloride, 
either  occluded  in  the  precipitate  or,  possibly,  in  a  loose  form 
of  combination  with  the  proteid  ;  in  any  case  there  was  no  cal- 
cium oxide  in  combination  with  the  casein.  The  precipitate 
contained,  in  i  gram,  0.00343  gram  of  calcium  and  0.0064 
gram  of  chlorine,  which  amounts  agree  well  for  the  presence  of 
calcium  chloride.  This  body,  prepared  by  neutralizing  a  solu- 
tion of  calcium  casein,  is  insoluble  in  water  but  readily  soluble 
in  5  per  cent  solution  of  sodium  chloride  and  in  hot  50  per  cent 
alcohol. 

In  another  experiment,  25  cc.  of  lime-water  required  10.6 
cc.  of  N/io  hydrochloric  acid  to  neutralize  it.  We  dissolved, 
in  this  amount  of  lime-water,  0.5  gram  of  ash-free  casein,  pre- 
pared according  to  Hammarsten.  To  precipitate  this  quantity 
of  casein  completely  required  10.6  cc.  of  N/io  hydrochloric 
acid.  The  precipitated  substance  was  soluble  in  warm  dilute 
salt  solution  and  in  hot  dilute  alcohol.  To  the  compound  we 
added  0.5  cc.  of  N/io  hydrochloric  acid  and  obtained  a  sub- 
stance insoluble  in  warm  dilute  salt  solution  and  only  slightly 
soluble  in  hot  dilute  alcohol. 

When  the  product,  made  by  neutralizing  the  lime-water 
solutions  of  ash-free  casein  with  hydrochloric  acid,  was  dissolved 
in  hot  50  per  cent  alcohol,  the  dissolved  proteid  separated  from 
the  solution  on  cooling,  forming,  on  the  bottom  of  the  beaker, 
a  gummy,  sticky  mass,  which  could  easily  be  gathered  on  the 
end  of  a  glass  rod.  When  the  substance,  freshly  precipitated  from 
its  solution  in  lime-water,  is  warmed  on  the  water-bath  it  can 
also  be  easily  gathered  on  a  glass  rod  in  an  adherent,  gummy 
mass.  When  warm,  it  is  plastic  and  can  be  drawn  out  in  long, 
fine,  silky  threads. 

Identity  of  Base-Free  Casein  and  the  Salt-Soluble  Body. — In  the 
presentation  of  the  preceding  facts  we  have  seen  that,  when  an 
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ash-free,  i.  e.,  base-free  proteid,  or  one  practicall}'  so,  is  pre- 
pared by  precipitating  milk-caseiu  (calcium  casein)  with  an 
acid,  the  acid  precipitant  being  completel)'  removed  from  the 
proteid  by  long-continued  trituration  in  water ;  or  when  a 
base-free  proteid  is  prepared  by  treating  a  lime  water  solution 
of  a  base-free  casein  with  an  acid  just  to  the  point  of  acidity 
with  litmus,  we  obtain  a  body  which  is  soluble  in  warm  5  per 
cent  salt  solution  and  in  hot  50  per  cent  alcohol.  This  sub- 
stance, when  freshly  prepared  and  warmed,  is  very  plastic  and 
is  capable  of  being  drawn  into  very  long,  fine,  silky  threads. 
It  behaves  in  all  respects  like  the  compound  which  we  were 
led  to  regard,  at  first,  as  formed  by  combination  of  casein  and 
an  acid  and  which  we  regarded  as  a  casein  mono-salt  of  the 
acid  precipitant.  As  a  result  of  this  work,  we  now  believe 
that  the  compound  formed  by  treating  milk  with  an  amount  of 
acid  just  sufficient  to  combine  with  the  calcium  of  the  calcium 
casein,  in  addition  to  certain  inorganic  salts  of  the  milk,  is  not 
a  casein  mono-salt  of  the  acid  precipitant  but  is  base-free  casein 
or  calcium  casein  (milk-casein)  jrom  which  the  calcium,  has  been 
rem,oved  by  combination  with  acid. 

The  Relation  between  the  Two  Series  of  Compounds  Previously 
Called  Casein  Mono-salts  and  Casein  Di-salts. 

We  have  already  seen  that,  when  calcium  casein  (milk- 
casein)  is  treated  with  dilute  acid,  the  base  is  removed  from  its 
combination  with  the  proteid  and  the  base-free  proteid  is 
formed,  a  compound  corresponding  in  its  properties  to  those  of 
the  compounds  we  formerly  called  casein  mono-salts  of  acids. 
When,  to  this  base-free  proteid,  we  add  a  dilute  acid,  another 
body  appears  to  be  formed,  which  is  insoluble  in  warm  5  per 
cent  salt  solution  and  in  hot  50  per  cent  alcohol  and  which 
differs  also  in  a  marked  lack  of  the  plastic  properties  exhibited 
by  the  base-free  proteid  when  freshly  prepared  and  warmed. 
It  is  the  familiar  substance  ultimately  formed  when  milk  is 
coagulated  by  ordinary  souring,  or  by  direct  addition  of  acids 
in  sufficient  quantity.  The  formation  of  this  substance  has 
usually  been  explained  in  two  different  ways  : 

(I.)  It  has  been  quite  generally  held  that  the  acid  unites 
with  the  inorganic  portion  (calcium)  oi  the  milk-casein,  thus 
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destroying  the  combination  the  free  proteid  then  appearing  as  a 
solid. 

(II.)  It  has  been  supposed  by  some  that  the  acid  actually 
combines  with  the  proteid,  forming  a  casein  salt  of  the  acid 
used.  According  to  the  first  explanation,  only  one  substance 
is  formed  when  milk-casein  is  precipitated  with  an  acid  and 
that  is  the  base-free  casein.  According  to  the  second  explana- 
tion, two  compounds  are  formed,  one  after  the  other,  by  treat- 
ing milk-casein  with  an  acid,  viz.,  (i)  the  base-free  casein  ; 
(2)  a  compound  formed  by  the  combination  of  the  base- free 
casein  with  the  acid. 

The  existence  must  be  acknowledged  of  one  body  with  two 
different  sets  of  properties,  or  of  two  different  bodies,  differing 
in  their  properties,  when  we  treat  milk-casein  with  an 
acid  in  proper  proportions,  because,  by  treating  calcium  casein 
with  a  certain  amount  of  acid,  we  obtain  the  base-free  proteid 
and  then,  by  treating  this  with  an  additional  amount  of  acid,  a 
body  differing  in  properties  from  the  base-free  proteid  is 
formed  ;  the  difference  must  either  be  due  to  chemical  com- 
bination of  the  proteid  and  acid  or  else  be  the  result  of  a  purely 
physical  change  caused  by  the  acid.  Contrary  to  the  view 
generally  held,  we  have  believed  that  there  was  actual  com- 
bination betweed  the  proteid  and  acid,  forming  a  casein  salt  of 
the  acid  and  this  we  formerly  called  a  casein  di-salt  of  the  acid 
used.  Since  we  have  shown  that  our  supposed  casein  mono- 
salts  of  acids  are  simply  the  base-free  casein,  it  would  appear 
that  there  is  only  one  series  of  casein  compounds  formed  by 
combination  with  acids,  existing  as  a  precipitate. 

Hammarsten  held  that  there  could  be  no  combination  be- 
tween the  casein  and  acid,  because,  by  trituration  with  water 
in  a  mortar,  he  was  able  to  remove  the  acid  completely  from 
the  proteid.  We  have  abundantly  confirmed  his  statement 
that  the  acid  can  be  removed  from  the  proteid  by  long- con- 
tinued trituration,  but,  in  view  of  recent  developments  in 
chemistry,  this  argument  has  no  weight,  because  we  can  do  the 
same  thing  in  the  case  of  some  well-known  and  well-estab- 
lished inorganic  salts.  For  example,  the  sulphuric  acid  rad- 
ical of  mercuric  sulphate  can  be  readily  and  completely  re- 
moved by  triturating  with  water. 
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Experiments  Showing  Combination  of  Casein  and  Acids. — In 
order  to  show  that  there  is  actual  combination  between  base- 
free  casein  and  acids,  we  used  the  following  method  :  We 
suspended,  in  50  cc.  of  distilled  water,  0.5  gram  of  finely- 
ground  base-free  casein  and  allowed  the  mixture  to  stand  i 
hour,  with  occasional  shaking.  At  the  end  of  this  time  we 
added  hydrochloric  acid,  of  known  strength,  in  definite  quan- 
tities, after  which  the  volume  was  made  to  100  cc.  by  water 
and  filtered.  The  residue  was  not  washed.  Aliquot  parts  of 
the  filtrate  were  titrated  with  N/ioo  sodium  hydroxide,  using 
phenolphthalein  as  indicator.  The  difference  between  the 
amount  of  acid  added  and  that  found  in  the  filtrate  represents 
the  amount  of  acid  combining  with  the  casein,  plus  the  amount 
adhering  mechanically  to  the  casein.  It  was  necessary  to  use 
dilute  solutions  of  acid  in  order  to  avoid  dissolving  the  proteid 
by  an  excess  of  acid.  The  materials  used  in  this  work  were 
the  4  preparations  of  base-free  casein  which  have  already  been 
described  on  p.  471. 

Amou7it  of  Acid  Used  Kept  Constant  in  Relation  to  Proteid. — 
In  the  experiments,  the  results  of  which  are  given  below  in 
Table  I.,  we  used  different  solutions  of  hydrochloric  acid  of 
varying  dilution,  but  varied  the  quantity  so  that  the  same  ab- 
solute amount  of  acid  was  used  in  each  case,  which  was  equal 
to  20  cc.  of  N/ioo  hydrochloric  acid  for  i  gram  of  base- free 
casein.     The  work  was  carried  on  at  17°-! 8°. 

Amount  of  Acid  Used  Varying  in  Relation  to  Proteid. — In  an- 
other set  of  experiments  we  used  varying  quantities  of  acid  for 
I  gram  of  proteid.  Otherwise  the  operation  was  carried  out 
like  those  preceding.     The  results  are  given  in  Table  II. 

Amount  of  Acid  and  Amount  of  Dilution  Varied  in  Relation 
to  Proteid. — The  amount  of  water,  in  which  the  solid,  base-free 
casein  was  suspended,  was  relatively  considerable  in  the  pre- 
ceding experiments.  We  wished  to  see  what  difference,  if 
any,  there  might  be  when  we  treated  the  casein  directly  with 
acid  of  varying  strength  and  without  further  dilution.  We 
suspended  i  gram  of  the  base-free  casein  in  each  of  the  follow- 
ing amounts  of  hydrochloric  acid  :  50  cc.  N/200,  40  cc.  N/ioo, 
30  cc.  N/80,  and  20  cc.  N/60.     The  mixtures  were  allowed  to 


Casein  and  Paracasein. 


475 


.o| 

H 

w     KJ 

K)  ^ 

C  ">0 

M      M      )0    -^ 

o  o 

o  o 

4^    00  K)    OS  O   O 

•  ar> 

«j 

p 

> 

is  p  2 
!?  n  3 

I 

1 

> 

7o~^^  00^  M~ 

o  o 

88 

•"-1 

o  o  o  o  o  o 

p 

0) 

^ 

o 

n 

Anion 
acid 
equa 

N/ioo 

l-l      M      l-l      l-H      M      l-H 

• 

ON<-n 

O   Ol 

o 

^ 

Oj 

Oj  4SI.  4^  OJ  Oo  C^ 

b>  b 

b  b 

o 

mt  of 

used 

Ito 

HCl.          i 

^j 

bs  b  b  bi-i^  bs 

M      M 

„ 

3  2 

^ 

p\ 

OS  On  ps  Os  OS  0\ 

P    ^ 

OJ    00 

2 

c^ 

4^  b   b  ^^   bs-^ 

00  KJ 

On  bo 

p 

3  Kit 

Si, 

1 

(y\ 

Cn  Cn 

Os  Os 

•^S3 

^ 

p 

3  °  r 

;:) 

M 

l-l      l-H      M      hH      M      M 

b 

00  00  4>.    to 

f>  W 

51 

OJ 

4i.  4i.  C^)  C^i  4^  C^> 

SQ 

^ 

o 
^ 

bo 

O    O    OS  OS  >^    OS 

HH      »-* 

i-( 

5':^ 

1- 

O  \0  <ji  \p 

?> 

2|^ 

o 

'Os  K) 

K>     M 

3w^ 
■     3 

On 

OS  On  0>  Os^   OS 

b  b  4=^  -t>-  b»4>> 

ON 

0\Cn 

OvCn 

n 
n 

3  o  « 

IH 

b  bo 

00  bo 

o 

to 

M      l-l     W      M     M      M 

4^  4^  -^  OJ  -^.  Oj 

M      HH 

„ 

5'^ 

Co 

vb 

b  b  b  bs  b  bo 

P  VO  W     00 

o 

So 

^ 

■ 

00  b  -fi.   b^ 

p  S  m 

™G*2 

OS 

OS  Os  OS  On  OS  On 

b  b  b  4^  b  K) 

9^ 

oi  a\ 

a^  _a\ 

o 

p 

3  ow 

"w 

bo  b 

ON  4^ 

SG 

M      hH 

1— 1 

5'^ 

^ 

M      M     l-l     M     M      l-l 

4^  4i  4>-  4^  4^  4>. 

>-(   \0 

OJ    00 

n 
p 

?;§  It) 

s 

l-l 

•0    O    O  4^    to    O 

• 

b  OS 

On  00 

p  ffln 

i 

|?G"S 

p 

r^ 

^■^5- 

o 

Cn 

Cn  Cn 

ON  _0\ 

o 

|s: 

^ 

Cn 

Cn    On  OSCn  Cn    OS 

vb 

b^4^  -(^    M 

J^fij 

c^ 

vb 

00  b  b  OS  bo  b 

Bin 

^o^ 

H 

S  "■• 

W 

re  P  O 

O* 

•   oif? 

«J 

;S  p  2 


5"^ 

|w5 


3  o  r 

2  W 


b'2 


■G5 


2o 


5'^ 


B^5- 


o 


eu 


'^ 

b!z; 

O 

^. 

??o 

J2 

sw:? 

c      ^. 

re  Ore 

'-+, 

p 

^v 

P 

2    O 

B'^O 

?-  S 

•O  •:;  3 

c^ 

2.W 

i^ 

to 


^ 

•^ 


O 


476  Van  Slyke  and  Hart. 

stand  I  hour  with  occasional  agitation  and  were  then  filtered 
and  aliquot  portions  of  the  filtrate  titrated  as  in  the  preceding 
experiments.     The  results  are  given  in  Table  III.  : 

Table  III. — Amount  of  Hydrochloric  Acid  Neutralized  by  One 
Gram  of  Base-Free  Casein,  Amounts  and  Dilution  of  Acid 
Varying. 


Amount  of 

Acid  equal 

Acid  equal 

No.  of  cc.  of 

Strength  of 

acid  used  equal 

to  N/ioo  HCl 

to  N/ioo  HCl 

acid  used. 

acid  used. 

to  N/ioo  HCl. 

in  filtrate. 

in  proteid. 

cc. 

cc. 

cc. 

50 

N/200 

25.0 

18.4 

6.6 

40 

N/ioo 

40.0 

33-6 

6.4 

30 

N/80 

37-5 

30.0 

7-5 

20 

N/60 

33-3 

25.6 

7-7 

The  results  in  Table  III.  indicate  that,  when  we  treat  the 
base-free  casein  with  a  more  concentrated  acid  solution,  we 
have  more  acid  left  in  the  proteid.  This  is  as  we  should  ex- 
pect under  the  conditions  of  experiment.  The  acid  that  is  not 
recovered  in  the  filtrate  mu.st  either  combine  with  the  proteid 
or  adhere  to  it  mechanically.  We  made  no  attempt  to  wash 
the  adherent  or  occluded  acid  from  the  proteid,  because  any- 
thorough  washing  would  remove  some  of  the  combined  acid  ; 
therefore,  the  more  concentrated  the  acid  u.sed  in  treating  the 
proteid,  the  more  acid,  as  measured  by  titration,  adhered  to  the 
proteid  in  addition  to  the  fixed  amount  of  acid  that  combined 
with  it  as  compared  with  treatment  with  an  equal  volume  of 
more  dilute  acid. 

It  is  not  easily  conceivable  that  such  an  amount  of  acid  as  is 
represented  by  about  6  cc.  of  N/ioo  hydrochloric  acid  should 
be  held  only  mechanically  by  i  gram  of  ca.sein,  when  we  used 
solutions  so  dilute.  Bearing  on  this  point,  the  following  addi- 
tional experiments  were  made  : 

(i)  We  suspended  a  weighed  amount  of  base-free  casein  in 
50  cc.  of  water,  allowed  to  stand  15  minutes,  added  N/ioo  hy- 
drochloric acid  at  the  rate  of  6  cc.  for  i  gram  of  casein  and 
made  the  volume  to  100  cc.  with  water.  After  filtration,  the 
filtrate  was  titrated  and  the  result  showed  that  5.2  cc.  of  N/ioo 
hydrochloric  acid  had  been  held  by  i  gram  of  casein. 

(2)  The  experiment  was  repeated,  allowing  the  mixture  to 
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stand  I  hour  after  addition  of  acid.     The  result  was  the  same 
as  before. 

(3)  The  experiment  was  repeated,  except  that  we  used  only 
4  cc.  of  N/ioo  hydrochloric  acid  for  i  gram  of  casein.  The 
filtrate,  on  titrating,  showed  no  acid,  indicating  that  the  entire 
4  cc.  of  N/ioo  hj'drochloric  acid  had  been  held  by  the  casein. 

These  results  indicate  to  us  that  i  gram  of  base-free  casein 
combines  with  about  0.5  cc.  of  N/io  hydrochloric  acid  and  that 
the  disappearance  of  acid  is  due  to  chemical  union  with  proteid 
and  not  merely  to  mechanical  mixture  or  adhesion. 

The  question  has  probably  come  to  mind  before  this  as  to 
why  free  casein  was  not  sooner  isolated  in  the  normal  souring 
of  milk,  or  in  the  treatment  of  milk  by  direct  addition  of  acid  ; 
the  cause  can  now  readily  be  seen.  Because  it  requires  so  little 
acid  to  change  free  casein  into  its  acid  combination,  the  point 
is  quickly  passed  when  we  have  any  considerable  proportion  of 
free  casein  in  the  milk.  In  the  normal  souring  of  milk  we 
were  able  to  catch  the  change  at  a  point  where  65  per  cent  of 
the  casein  of  the  milk  was  in  the  form  of  free  casein.^  When 
we  use  an  acid  to  precipitate  casein  from  milk,  an  excess  is 
added,  so  that  we  get,  not  the  free  casein,  but  the  compound 
formed  by  its  combination  with  acid. 

Summary  of  Action  of  Acids  on  Calcium  Casein  {Milk-Casein) . 
— When  calcium  casein  is  treated  with  an  acid,  the  first  reac- 
tion is  a  union  between  the  acid  and  the  calcium  combined 
with  casein,  resulting  in  the  formation  of  base-free  casein,  a 
compound  insoluble  in  water,  but  soluble  in  warm  5  per  cent 
solution  of  sodium  chloride  and  in  hot  50  per  cent  alcohol,  a 
compound  which,  when  warmed,  also  possesses  the  property  of 
being  ver>'  plastic  and  capable  of  being  drawn  out  into  long, 
fine,  silky  threads.  This  base-free  casein  is  identical  with  the 
compound  which  we  formerly  regarded  as  being  a  casein  mono- 
salt  of  the  acid  used  as  precipitant. 

When  I  gram  of  this  base-free  casein  is  treated  with  an 
amount  of  acid  equivalent  to  about  0.5  cc.  in  the  case  of  N/io 
hydrochloric  acid,  the  properties  of  the  casein  are  changed,  so 
that  it  is  no  longer  soluble  in  warm  5  per  cent  salt  solution  and 

1  This  Journal,  32,  153  (1904). 


1 


478  Van  Slyke  and  Hart. 


only  slightly  soluble  in  hot  50  per  cent  alcohol ;  in  addition 
it  has  lost  entirely  its  plastic  properties  and  the  power  of  be- 
ing drawn  out  into  fine  threads  when  warm.  This  substance 
we  regard  as  resulting  from  the  combination  of  acid  with  the 
base-free  casein,  forming  a  casein  salt  of  the  acid  used.  Our 
reasons  for  believing  that  there  is  actual  chemical  combination 
between  the  casein  and  acid  are  the  following  : 

( 1 )  When  a  given  amount  of  base-free  casein  is  treated  with 
an  acid,  a  quite  definite  and  constant  amount  of  acid  appears 
to  be  neutralized.  In  the  case  of  N/io  hydrochloric  acid,  i 
gram  of  base-free  casein  appears  to  combine  with  about  0.5  cc. 
of  acid. 

(2)  The  phenomenon  of  combination  between  proteids  and 
acids  appears  to  be  very  general,  as  shown  by  Cohnheim  and 
others.^ 

(3)  When  base-free  casein  is  treated  with  an  acid  it  under- 
goes a  marked  change  in  its  properties. 

(4)  Although  the  combination  is  comparatively  weak,  it 
appears  to  be  as  strong  as  in  the  case  of  some  quite  stable  in- 
organic salts.  The  fact  that  the  acid  can  be  completely  re- 
moved by  long-continued  trituration  with  water  does  not  con- 
stitute an  argument  against  combination,  because  some  well- 
known  inorganic  salts  behave  in  the  same  way  under  similar 
treatment. 

(5)  By  treating  base-free  casein  with  a  given  amount  of  acid, 
we  prepare  the  compound  insoluble  in  warm  dilute  salt  solu- 
tion and  hot  alcohol.  By  removing  the  acid  from  this  sub- 
stance, we  obtain  again  the  base-free  casein  with  a  restoration 
of  its  recognized  properties  of  solubility  and  plasticity.  Each 
of  these  compounds  can  be  converted  into  the  other  by  addi- 
tion or  removal  of  acid. 

The  Relation  of  Casein  and  Its  Compounds  to  Paracasein  and  Its 

Compounds. 
The    coagulum    formed    by  calcium  casein,   when  treated 
with  rennet  enzyme,  was  called    "  Kase"    by  Hammarsten.'* 
Schulze  and  Rose'  suggested  the  name  "  paracasein"  for  this 

'  Chemie  der  Eiweisskorper,  pp.  106-114,  2d  Ed.,  U904)- 
*  Maly:  Jahresb.  d.  Thiercheraie,  4,  13S  (1874). 
3  I<andw.  Versuchs-Stat.,  31,  131  (1S84-5). 


Casein  and  Paracasein.  479 

product  and  their  suggestion  has  been  very  generally  accepted. 
There  is  still,  however,  much  confusion  as  to  the  exact  ap- 
plication of  this  term,  as  we  shall  point  out  later. 

According  to  Hammarsten^  and  others,  the  action  of  rennet 
enzyme  on  calcium  casein  of  milk  takes  place  in  two  distinct 
stages :  ( I )  The  rennet  enzyme  converts  the  milk-casein  into  para- 
casein, but  there  is  no  coagulation  or  visible  change,  the  para- 
casein apparently  remaining  in  the  same  condition  as  the  milk- 
casein.  In  the  absence  of  soluble  calcium  salts,  the  para- 
casein remains  in  this  uncoagulated  condition  in  the  case  of  nor- 
mal milk.  (2)  Coagulation  or  separation  of  curd  takes  place 
in  the  presence  of  soluble  calcium  salts.  The  conversion  of 
milk-casein  into  paracasein,  in  the  first  stage,  is  due  to  the  ren- 
net enzyme  alone,  while  the  coagulation  of  the  paracasein,  in 
the  second  stage,  is  due  to  soluble  calcium  salts  alone,  in  the 
case  of  normal  milk.  The  term  paracasein  is  commonly  ap- 
plied to  both  the  coagulated  and  uncoagulated  forms. 

Just  what  chemical  change,  if  any,  takes  place  in  the  pro- 
teid  in  the  conversion  of  calcium  casein  into  paracasein  by  ren- 
net enzyme  has  not  been  clearly  demonstrated.  According  to 
Hammarsten's  original  theory,^  by  the  action  of  rennet  en- 
zyme, the  calcium  casein  of  the  milk  undergoes  a  hydrolytic 
separation  into  two  compounds  :  ( i )  A  body  difficultly  soluble, 
forming  the  chief  product  and  closely  resembling  casein  in 
composition — paracasein  ;  (2)  an  easily  soluble,  albumose-like 
body,  called  by  him  whey-proteid,  produced  in  very  small 
amount.  Further,  the  paracasein  has  not  the  property  of 
holding  calcium  phosphate  in  solution  to  the  same  extent  that 
casein  has.  Hammarsten  later  modified  these  views, ^  coming 
to  the  conclusion  that  the  action  of  rennet  enzyme  rearranges 
the  casein  molecule  only  in  a  physical  way.  Du  Claux*  re- 
gards casein  as  existing  in  milk  in  three  different  forms,  in 
equilibrium  with  one  another ;  this  equilibrium  can  be  easily 
disturbed  by  the  action  of  acids  or  ferments.  Coagulation,  ac- 
cording to  his  theory,  is  a  purely  physical,  mechanical 
change.     A  similar  conclusion  is  reached  by  Fuld,*  milk  coag- 

1  Maly:  Jahresb.  d.  Thierchemie,  2,  118(1872) ;  7,  158  (1877). 

^  Ibid.,  4,  153(1874). 

^  Z.  physiol.  Chem.,  28,  114  (1899). 

*  Compt.  rend.,  98,  373. 

s  Beitrage  z.  Chem.  Physiol,  und  Pathol.,  a,  169  (1902). 
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ulation  being  regarded  as  a  special  case  of  the  alternation  be- 
tween suspension  and  precipitation  of  a  colloidal  substance. 
Eugling'  concluded,  from  work  done  by  him,  that  acids  or 
rennet,  when  added  to  milk,  render  the  insoluble  calcium  salts 
soluble  and  more  readily  available  for  the  coagulation  of  the 
proteid.  De  Vries  and  Boekhout''  believe  that  free  acid  exerts 
a  direct  influence  on  its  own  account  upon  the  coagulation  of 
paracasein,  in  some  way  independent  of  the  formation  of  sol- 
uble calcium  salts.  Loevenhart^  has  stated  that  there  is  no 
chemical  difference  between  casein  and  paracasein  and  that  the 
observed  differences  in  properties  are  due  to  physical  changes, 
casein  and  paracasein  being  physical  modifications  of  one  and 
the  same  substance.  According  to  his  belief  paracasein,  in  its 
solutions,  exists  in  larger  molecular  aggregations  than  does 
casein. 

We  thus  see  that,  while  there  is  a  wide  range  of  opinion  in 
regard  to  the  relation  of  casein  and  paracasein,  there  is  a  pre- 
vailing tendency  to  regard  these  proteids,  milk-casein  and  para- 
casein, as  being  essentially  alike  in  composition. 

It  is  our  purpose  to  consider  paracasein  and  some  of  its  com- 
pounds in  a  similar  manner  to  the  discussion  of  casein  given  in 
the  preceding  pages ;  the  topics  will  be  taken  up  in  the  fol- 
lowing order : 

I.  The  relation  of  inorganic  compounds  to  paracasein. 

II.  The  relation  of  the  salt-soluble  compound  of  paracasein 
to  paracasein. 

III.  The  relation  between  the  two  series  of  compounds  pre- 
viously called  paracasein  mono-salts  and  paracasein  di-salts. 

IV.  The  relation  of  casein  and  its  compounds  to  paracasein 
and  its  compounds. 

(/.)  The  Relation  of  Inorganic  Compounds  to  Paracasein. 
In  order  to  study  paracasein  in  its  relations  to  calcium  and 
to  acids,  it  was  essential  to  obtain  a  paracasein  that  should  be 
practically  base-free.  Preparations,  made  by  coagulating  milk 
with  rennet  and  washing  the  coagulum,  are  high  in  ash  content, 
containing  often  4-5  per  cent ;  moreover,  such  preparations  still 

1  Landw.  Versuchs-Stat.,  31,  392  (1885). 

*  Ibid.,  55,  221  (1901). 

*  Z.  physiol.  Chem.,  41,  177  (1904). 
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contain  tlie  calcium  originally  combined  in  the  calcium  casein  of 
the  milk  and  are  not  satisfactory  for  such  work  as  we  desired 
to  do.  We  therefore  made  a  preparation  of  paracasein  as  fol- 
lows : 

Preparation  of  Paracasein. — To  i  liter  of  skim-milk  we  added 
1.25  grams  of  ammonium  oxalate  ;  the  milk,  after  standing  a 
short  time,  was  filtered  through  paper.  To  500  cc.  of  this  fil- 
trate we  added  0.05  cc.  of  Hansen's  rennet  extract  and  kept 
the  whole  at  a  temperature  of  37°,  for  2  hours.  A  small 
amount  of  thymol  was  added.  To  show  that  the  rennet  en- 
zyme had  acted  upon  the  calcium  casein  in  the  milk,  we  took 
10  cc.  of  the  treated  milk,  cooled  to  room  temperature  and 
added  2  drops  of  10  per  cent  solution  of  calcium  chloride.  In 
a  few  minutes  the  milk  had  formed  a  firmcoagulum,  which  in- 
dicated that  the  rennet  enzyme  had  produced  paracasein. 
The  500  cc.  of  treated  milk  we  now  diluted  with  16  liters  of 
warm  distilled  water  and  added  dilute  hydrochloric  acid  until 
the  proteid  had  separated.  This  precipitation  was  accom- 
panied by  vigorous  stirring  to  keep  the  solid  as  finely  divided 
as  possible,  thus  facilitating  the  removal  of  inorganic  salts. 
After  the  precipitate  had  settled,  the  supernatant  liquid  was 
removed,  the  precipitate  was  filtered  and  then  triturated  with 
warm  water  and  filtered,  the  trituration  and  filtering  being  re- 
peated until  all  trace  of  chlorides  was  removed,  which  required 
4  days.  The  precipitate,  after  removal  of  acid,  was  soluble  in 
warm  5  per  cent  solution  of  sodium  chloride  and  in  hot  50  per 
cent  alcohol.  Finally,  the  preparation  was  washed  with  strong 
alcohol  and  ether  and  dried  at  100°.  This  treatment  greatly 
lessened  its  solubility  in  dilute  salt  solution  and  alcohol.  It 
was  nearly  ash-free,  containing  o.  11  per  cent  and  gave  no  test 
for  chlorides  when  boiled  with  nitric  acid  and  silver  nitrate. 

Solubility  of  Paracasein  Preparation  in  Lime-Water. — The 
paracasein,  prepared  in  the  manner  described,  was  soluble  in 
lime-water,  forming  a  solution  having  a  dull,  opalescent  ap- 
pearance. 

Preparation  of  Basic  Calcium  Paracasein. — We  dissolved 
about  2  grams  of  our  paracasein  preparation  in  lime-water  and 
made  the  solution  neutral  to  phenolphthalein  by  the  addition  of 
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N/io  hydrochloric  acid.  The  solution  became  more  milky  in 
appearance,  but  no  precipitation  was  observable.  This  solu- 
tion was  now  precipitated  by  alcohol,  filtered,  washed  several 
times  with  alcohol,  finally  with  ether  and  dried  at  100°.  The 
preparation  was  insoluble  in  dilute  salt  solution  and  practically 
so  in  hot  dilute  alcohol.  One  gram  contained  a  total  of  0.0283 
gram  of  calcium  oxide  and  0.0063  gram  of  chlorine  (equiva- 
lent to  0.0047  gram  of  calcium  oxide  combined  as  calcium 
chloride).  Deducting  the  calcium  oxide  equivalent,  present  as 
chloride,  from  the  total,  we  have  0.0236  gram,  which  repre- 
sents the  amount  of  calcium  oxide  combined  with  the  proteid, 
or  2.36  per  cent.  This  preparation,  therefore,  corresponds 
very  closely  in  its  calcium  content  with  the  basic  calcium 
casein.  As  in  the  case  of  the  calcium  casein  preparations,  all 
those  of  calcium  paracasein  contained  calcium  chloride. 

Preparation  af  Neutral  Calcium  Paracasein. — When  we  treat 
a  lime-water  solution  of  paracasein  with  an  amount  of  acid 
sufl&cient  to  turn  blue  litmus  red,  or  just  a  little  short  of  this, 
the  proteid  separates  as  a  precipitate  and  this  occurs  before  all 
the  calcium  of  the  original  lime-water  solution  has  been  neu- 
tralized. This  product  is  insoluble  in  dilute  salt  solution  and 
nearly  insoluble  in  hot  dilute  alcohol ;  it  was  thrown 
on  a  filter  and  washed  several  times  with  water.  Filtration 
was  rather  slow.  The  precipitate  was  then  washed  with 
alcohol  and  ether  and  dried  at  100°.  One  gram  contained 
0.0391  gram  of  ash,  a  total  lime  content  of  0.0194  gram  of  cal- 
cium oxide  and  0.0064  gram  of  chlorine  (equivalent  to  0.0048 
gram  of  calcium  oxide  combined  as  calcium  chloride).  De- 
ducting the  calcium  oxide  equivalent,  present  as  chloride,  from 
the  total  calcium  oxide,  we  have  0.0146  gram,  which  repre- 
sents the  amount  of  calcium  oxide  combined  with  the  proteid, 
or  1.46  per  cent.  This  preparation,  therefore,  corresponds 
closely  to  the  neutral  calcium  casein. 

We  have  seen  above  that  the  neutral  calcium  paracasein, 
formed  by  making  a  lime-water  solution  of  paracasein  neutral 
to  litmus,  by  acid,  separates  as  a  precipitate,  while  neutral 
calcium  casein  does  not  separate  thus.  At  the  point  of  neu- 
trality with  litmus,  the  body  formed,  that  is,  neutral  calcium 
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paracasein,  is  precipitated.  In  this  respect  and  in  this  respect 
only,  does  there  appear  to  be  a  marked  difference  between  the  prop- 
erties of  casein  and  paracasein  compounds.  This  is  in  harmony 
with  what  takes  place  when  rennet  acts  on  milk,  in  the  pres- 
ence of  soluble  calcium  salts — an  insoluble  calcium  paracasein 
is  formed.  It  shows  that  our  preparation  of  paracasein  had 
not  reverted  to  casein. 

Preparation  of  Base-Free  Paracasein. — In  50  cc.  of  lime-water, 
requiring  21.  i  cc.  of  N/io  hydrochloric  acid  for  neutralization, 
we  dissolved  0.5  gram  of  our  ash-free  paracasein.  The  .solu- 
tion became  neutral  to  phenolphthalein  after  the  addition  of 
16.9  cc.  of  N/io  hydrochloric  acid.  This  leaves  calcium  oxide 
equivalent  to  4.2  cc.  of  N/io  hydrochloric  acid  as  combined 
with  the  proteid,  or  0.01176  gram  of  calcium  oxide,  which  is 
2.35  per  cent  of  the  paracasein  and  this  is  the  basic  calcium 
paracasein. 

When  18  cc.  of  N/io  hydrochloric  acid  had  been  added  a 
precipitate  began  to  form,  but  the  solution  was  still  alkaline  to 
litmus.  When  18.5  cc.  of  the  acid  had  been  added,  precipita- 
tion was  complete.  This  leaves  calcium  oxide  equivalent  to 
2.6  cc.  of  Niohydrochloric  acid  as  combined  with  the  proteid,  or 
0.00728  gram  of  calcium  oxide,  which  is  1.46  per  cent  of  the 
paracasein,  and  this  is  the  neutral  calcium  paracasein. 

When2i.i  cc.  of  N/iohydrochloricacidhadbeenemplo3''ed,  an 
amount  necessary  to  neutralize  exactly  the  lime-water  used  for 
dissolving  the  paracasein,  the  proteid  was  still  precipitated. 
It  was  now  quite  easil}-  soluble  in  warm  5  per  cent  salt  solu- 
tion and  nearlj'  so  in  hot  50  per  cent  alcohol.  On  warming, 
the  precipitate  settled  on  the  bottom  of  the  beaker  and  was 
easily  gathered  in  a  mass,  on  a  stirring  rod.  This  mass  was 
very  plastic,  showing  a  tendency  to  flow  when  kept  warm  ;  it 
also  possessed  the  property  of  being  drawn  into  long,  fine, 
silky  threads.     It  behaved  in  every  respect  like  base-free  casein. 

In  another  experiment  we  dissolved  1.5  grams  of  our  para- 
casein preparation  in  lime-water  and  then  exactly  neutralized 
the  solution  with  N/io  hydrochloric  acid.  The  precipitated 
proteid  was  washed  with  alcohol  and  ether  and  dried  at  100°. 
Determinations  of  calcium  and  chlorine  showed  their  presence 
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in  the  proportions  found  in  calcium  chloride,  which  was  proba- 
bly held  in  the  proteid  mass  mechanically. 

Behavior  of  Lime-Water  Solutions  of  Paracasein  Compounds 
toward  Rennet  and  Soluble  Calcium  Salts  — Basic  calcium  para- 
casein, prepared  by  dissolving  base-free  paracasein  in  lime-water 
and  making  neutral  to  phenolphthalein,  is  not  coagulated  by 
rennet  in  the  presence  or  absence  of  soluble  calcium  salts. 
However,  a  solution  of  basic  calcium  paracasein  may  be  coagu- 
lated on  warming,  by  soluble  calcium  salts  alone,  without  ren- 
net. 

Neutral  calcium  casein,  prepared  by  dissolving  base-free 
paracasein  in  lime-water  and  making  neutral  to  litmus,  is  co- 
agulated readily  at  room  temperature,  or  on  warming,  by  sol- 
uble calcium  salts,  with  or  without  rennet,  but  not  in  the  ab- 
sence of  soluble  calcium  salts. 

Rennet  changes  calcium  casein  to  calcium  paracasein,  but 
does  not  coagulate  the  proteid.  Soluble  calcium  salts  coagu- 
late neutral  calcium  paracasein  and  the  action  takes  place 
through  quitea  wide  range  of  temperature,  while  basic  calcium 
paracasein  is  coagulated  by  soluble  calcium  salts  only  after 
warming.  Here,  as  in  the  case  of  the  corresponding  calcium 
casein  compounds,  the  coagulation  may  be  the  result  of  purely 
physical  change,  or  there  may  be  a  loose  combination  between 
the  soluble  calcium  salt  and  the  calcium  paracasein  compound. 

Summary  of  Results  of  Work  Done  on  Paracasein  and  Its 
Compounds. — We  have  made  and  studied  the  following  para- 
casein preparations  :  (i)  Base-free  paracasein,  the  free  pro- 
teid ;  (2)  basic  calcium  paracasein,  containing  about  2.40  per 
cent  of  calcium  oxide  ;  (3)  neutral  calcium  paracasein,  con- 
taining about  1.50  per  cent  of  calcium  oxide. 

(//.)   The  Relation  of  the  Salt-Soluble  Compound  of  Paracasein 

to  Paracasein. 

Of  the  three  paracasein  preparations  made  and  studied  by 
us,  we  have  found  only  one  that  was  readily  soluble  in  warm 
5  per  cent  salt  solution  and  hot  50  per  cent  alcohol  and  this 
was  the  base-free  paracasein.  This  body,  on  warming,  showed 
the  peculiar  plastic  property  and  the  power  of  being  drawn  into 
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long,  fine,  silky  threads,  which  are  shown  by  the  salt-soluble 
substance,  prepared  by  us  from  cheese-curd  and  cheese.  This 
is  the  body  which  our  former  work  led  us  to  regard  as  a  com- 
pound formed  by  combination  of  paracasein  and  lactic  acid,  in 
the  case  of  cheese  and  which  we  regarded  as  paracasein  mono- 
lactate.  As  the  result  of  our  more  recent  work,  we  believe 
that  the  compound  formed  by  treating  calcium  paracasein 
(cheese-curd)  with  an  amount  of  acid  just  sufficient  to  com- 
bine with  the  calcium  of  the  calcium  paracasein,  in  addition  to 
certain  inorganic  salts  held  mechanically  in  the  cheese-curd,  is 
not  paracasein  monolactate  but  base-free  paracasein,  or  cal- 
cium paracasein,  from  which  calcium  has  been  removed  by  its 
combination  with  acid. 

(///. )  The  Relation  between  the  Two  Series  of  Compounds  Pre- 
viously Called  Paracasein  Mono-Salts  and  Paracasein 
Di-Salts. 

When  to  base-free  paracasein  we  add  dilute  acid,  another 
body  appears  to  be  formed,  which  differs  in  properties  from 
the  base- free  proteid  in  being  insoluble  in  warm  5  per  cent  salt 
solution  and  hot  50  per  cent  alcohol  and  also  in  possessing 
none  of  the  peculiar  plastic  and  ductile  properties  of  the  base- 
free  paracasein.  This  substance  is  formed  when  milk  is 
treated  with  rennet  enzyme  and  allowed  to  coagulate,  either 
by  spontaneous  souring  or  by  direct  addition  of  dilute  acids. 
We  at  first  regarded  the  compound  as  a  paracasein  di-saltof  an 
acid,  but  since  we  have  shown  that  what  we  regarded  as  a  para- 
casein mono-salt  is  the  base-free  proteid,  paracasein,  we  now 
regard  this  compound  as  resulting  from  the  combination  of 
acid  with  the  base-free  paracasein,  forming  a  paracasein  salt  of 
the  acid  used,  corresponding  to  the  casein  salts  of  acids,  which 
have  been  already  discussed. 

In  each  of  several  experiments  we  suspended,  in  distilled 
water,  portions  of  0.5  gram  of  base- free  paracasein  and  treated 
this  with  varying  amounts  of  dilute  acid  of  different  strengths, 
agitating  from  time  to  time,  for  i  hour.  The  mixture  was  fil- 
tered and  the  filtrate  titrated  with  N/ioo  hydrochloric  acid. 
The  amount  of  acid  not  recovered  in  the  filtrate  is  regarded  as 
representing,  approximately,  the  quantity  that  had  combined 


486  Van  Slyke  and  Hart. 

with  the  paracasein.  This  was  found  to  be  equivalent  to  about 
0.5  cc.  of  N/io  hydrochloric  acid,  closely  agreeing  with  the  re- 
sults obtained  by  treating  base-free  casein  with  acid. 

(/y.)  The  Relation  0}  Casein  and  Its  Compounds  to  Paracasein 
and  Its  Compounds. 

We  have  made  preparations  of  the  following  compounds, 
which  have  been  described  in  the  preceding  pages  : 

Casein,  the  base-free  or  uncombined  proteid. 

Basic  calcium  casein,  containing  the  free  proteid  combined 
with  about  2.40  per  cent  of  calcium  oxide. 

Neutral  calcium  casein,  containing  the  free  proteid  combined 
with  about  1.50  per  cent  of  calcium  oxide,  probably  identical 
with  casein  as  it  exists  in  cows'  milk. 

Casein  salts  of  acids,  formed  by  combination  of  the  free  pro- 
teid with  acids. 

Paracasein,  the  base-free  or  uncombined  proteid. 

Basic  calcium  paracasein,  free  paracasein  combined  with 
about  2.40  per  cent  of  calcium  oxide. 

Neutral  calcium  paracasein,  free  paracasein  combined  with 
about  1.50  per  cent  of  calcium  oxide,  probably  identical  with 
the  uncoagulated  body  present  in  cows'  milk  treated  with  ren- 
net enzyme,  in  the  absence  of  soluble  calcium  salts. 

Paracasein  salts  of  acids,  formed  by  combination  of  the  free 
proteid  with  acids. 

A  comparison  of  the  properties  of  casein  and  paracasein  and 
their  compounds  strongly  suggests  that  they  are  chemically 
alike,  paracasein  and  its  combinations  being  larger  molecular 
aggregations  than  casein  and  its  corresponding  compounds,  in 
accordance  with  the  suggestion  of  Loevenhart.  The  following 
statements  serve  to  bring  out  the  close  resemblance  more  strik- 
ingly : 

(i)  The  free  proteids,  casein  and  paracasein,  possess  the 
same  solubilities  in  warm  5  per  cent  salt  solution  and  hot  50 
per  cent  alcohol.  They  possess  the  same  peculiar  plastic  and 
ductile  properties  when  warmed. 

(2)  Casein  and  paracasein  form  compounds  containing  the 
same  amounts  of  combined  calcium  oxide. 

(3)  Casein  and  paracasein,  when  treated  with  dilute  acid  in 
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the  proportion  of  i  gram  to  about  0.5  cc.  of  N/io  hydrochloric 
acid,  are  changed  into  bodies  having  the  same  properties, 
which  differ  strikingly  from  those  of  the  free  proteids. 

(4)  Neither  basic  calcium  casein  nor  basic  calcium  para- 
casein is  coagulated  by  rennet,  either  in  the  presence  or  ab- 
sence of  soluble  calcium  salts.  Both  these  compounds  are  co- 
agulated when  warmed  to  35°-45°  in  the  presence  of  soluble 
calcium  salts,  but  not  in  the  absence  of  such  salts. 

(5)  Neutral  calcium  casein  (present  in  milk)  is  coagulated 
by  a  few  drops  of  a  soluble  calcium  salt  on  warming  and  neu- 
tral calcium  paracasein  (present  in  milk  acted  upon  by  rennet 
enzyme)  is  coagulated,  at  ordinary  temperatures,  by  soluble 
calcium  salts.  Neither  neutral  calcium  casein  nor  neutral  cal- 
cium paracasein  is  coagulated  by  rennet  in  the  absence  of  solu- 
ble calcium  salts. 

(6)  Neutral  calcium  casein,  prepared  by  making  a  lime- 
water  solution  of  free  casein  neutral  to  litmus,  is  an  opalescent 
solution,  free  from  any  visible  suspended  particles  ;  neutral 
calcium  paracasein,  prepared  by  making  a  lime-water  solution 
of  free  paracasein  neutral  to  litmus,  is  a  clearly  defined  coagu- 
lum.  In  this  respect  only  does  there  appear  to  be  any  marked 
difference  in  the  behavior  of  the  neutral  calcium  compounds  of 
casein  and  paracasein.  Here  the  difference  is  one  of  degree 
rather  than  of  kind,  because  neutral  calcium  casein  is  coagula- 
ted by  small  amounts  of  soluble  calcium  salts  on  warming, 
while  neutral  calcium  paracasein  is  coagulated  at  lower  tem- 
peratures by  soluble  calcium  salts. 

The  Relation   of   the  Salt-Soluble,    Alcohol-Soluble  Product  in 
Cheese  to  Paracasein. 

It  was  from  our  work  with  cheese  (American  cheddar)  that 
we  gained  the  first  suggestion  which  led  us  to  investigate  this 
field.  It  is  desirable,  therefore,  that  we  should  now,  if  possi- 
ble, establish  the  relation  between  the  salt-soluble,  alcohol-sol- 
uble body  obtained  from  cheese,  which  we  were  first  led  to  re- 
gard as  paracasein  monolactate  and  the  paracasein  compounds 
we  have  prepared  from  milk  and  discussed  in  the  preceding 
pages. 

We  have  established  the  fact  that  fresh  cheddar  cheese  con- 
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tains  a  large  percentage  of  its  proteid  in  the  form  of  a  body 
soluble  in  warm  5  per  cent  salt  solution  and  in  hot  50  per  cent 
alcohol.  Weidmann^  dissolved,  from  Emmenthaler  cheese,  by- 
hot  alcohol,  a  substance  called  by  him  caseoglutin.  Rose  and 
Schulze'  made  a  quite  extensive  study  of  the  properties  of  this 
compound  but  reached  no  definite  conclusions  as  to  whether  it 
was  a  chemical  individual  or  what  was  its  relation  to  cheese- 
ripening.  Wiuterstein^  has  studied  the  cleavage-products  of 
caseoglutin  treated  by  concentrated  hydrochloric  acid  and  finds 
the  proteid  bases  arginine  and  lysine  present,  in  proportions 
differing  from  those  obtained  by  Hart  from  casein.  The  re- 
sults of  his  work  cannot  be  regarded  as  conclusive,  because 
variation  of  conditions  in  producing  cleavage-products  leads  to 
quite  variable  results.  A  cleavage  study  made  by  us*  on  a 
similar  product  suggests  a  close  relation  between  casein  and 
the  salt-soluble  substance,  which  appears  to  be  identical  with 
caseoglutin. 

Material  Used  to  Furnish  the  Preparation. — We  used,  as  the 
source  of  our  material,  a  cheddar  cheese  i  day  old,  which  in- 
dicated, by  forming  strings  on  a  hot  iron,  an  abundance  of  salt- 
soluble  substance.  Portions  of  the  cheese  were  ground  in  sand 
and  extracted  with  water  at  55°.  The  portion  insoluble  in 
water  was  then  divided,  part  to  be  extracted  with  hot  50  per 
cent  alcohol  and  part  with  warm  5  per  cent  salt  solution. 

Preparation  Made  by  Extraction  with  Alcohol. — The  ground, 
water-extracted  cheddar-curd  was  treated  with  boiling  50  per 
cent  alcohol.  The  extract  was  filtered  through  paper,  on  a 
hot-water  funnel.  The  filtrate,  on  cooling  and  standing,  de- 
posited the  extracted  proteid  in  a  rubber-like  mass.  This  was 
ground  up  in  water  several  times,  filtered,  washed  with  95  per 
cent  alcohol  and  ether,  and  dried  at  100°.  The  product  was  a 
hard  mass,  difficult  to  pulverize.  It  contained  1.40  percent 
of  ash. 

Preparation  Made  by  Extraction  with  5  Per  Cent  Solution  of 
Sodium  Chloride. — The  remaining  portion  of  ground,  water- 

•  Landw.  Jahres.,  1882,  p.  587. 

-  Landw.  Versuchs  Stat.,  31,  130  (1S84-5). 

'  Z.  physiol.  Chem.,  41,  487  (1904). 

■•  This  Journal,  a8,  420  (1902). 
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extracted  cheese  was  extracted  with  a  5  per  cent  solution  of 
sodium  chloride,  at  60°,  filtered  through  paper  twice  and  then 
precipitated  with  2  volumes  of  95  per  cent  alcohol.  On  stand- 
ing over  night  the  precipitate  separated.  It  was  filtered, 
washed  by  decantation  with  water  several  times  to  remove  the 
salt  and  finally  thrown  on  a  filter-paper,  washed  with  alcohol 
and  ether  and  dried  at  100°.  The  product  was  easily  pow- 
dered.    It  contained  1.37  per  cent  of  ash. 

Behavior    of    Salt-Sokible     and    Alcohol-Soluhle    Preparations 
toward  Lime-Water. 

We  made  a  study  of  the  power  of  these  two  preparations  to 
combine  with  calcium  for  comparison  with  base-free  casein,  in 
order  to  ascertain  whether  they  were  base-free  or  not.  In  por- 
tions of  50  cc.  of  lime-water,  of  known  strength,  we  dissolved 
0.5  gram  each  of  base-free  casein,  of  the  salt-soluble  prepara- 
tion and  of  the  alcohol-soluble  preparation.  These  lime-water 
solutions  of  proteids  were  then  treated  with  N/io  hydrochloric 
acid  until  the  solution  was  neutral  to  phenolphthalein,  with 
the  following  results  : 

Table  IV . — Power  of   Different  Preparations   to    Combine   with 

Calciuyn. 


50  cc  lime-water 

o.  5  gram  of  base-free  casein, 
dissolved  in  50  cc.  lime- 
water 

0.5  gram  of  alcohol  prepa- 
ration, dissolved  in  50  cc. 
lime-water 

0.5  gram  of  salt-soluble 
preparation,  dissolved  in 
50  cc.  lime-water 


2a 

cc. 

19.5 


15-5 


15-4 


15.6 


t,     JJ     I-      Q     fr 

cc. 


4.0 


0.a 
ra.t! 


Woo- 
Gram. 


O.OII2 


0x1 


2.24 


4.1 


3-9 


0.01148         2.29 


0.01093 


2.19 


These  results  show  that  the  salt-soluble  and  alcohol-soluble 
preparations,  made  from  cheese,  possessed  the  same  power  of 
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combining  with  calcium  as  do  casein  or  paracasein  known  to 
be  base-free  and  that  they  must,  therefore,  have  been  base-free 
proteids,  capable  of  forming  a  calcium  combination  equivalent 
to  that  of  basic  calcium  casein  or  paracasein.  These  prepara- 
tions from  cheese  appear,  therefore,  to  be  identical  with  base- 
free  paracasein. 

The  calcium  of  the  ash  present  was  evidently  not  a  part  of 
the  proteid  molecule,  but  was  probably  an  impurity  of  calcium 
lactate,  or  possibly  this  salt  loosely  combined  with  the  proteid, 
appearing,  on  ignition,  as  calcium  phosphate. 

Behavior  of  Salt-Soluble  and  Alcohol-Soluble  Preparations  toward 

Acids. 

In  determining  the  amount  of  acid  that  could  combine  with 
these  salt-soluble  and  alcohol-soluble  preparations  made  from 
cheese,  we  used  the  methods  already  employed  in  connection 
with  casein  and  paracasein.  We  suspended  0.5  gram  of  pro- 
teid in  water,  added  10  cc.  of  N/ioo  hydrochloric  acid,  made 
the  volume  up  to  100  cc,  filtered  and  titrated  the  filtrate  with 
N/ioo  sodium  hydroxide,  with  phenol phthalein  as  indicator. 
The  results,  calculated  on  the  basis  of  i  gram  of  proteid,  were 
as  follows  : 

Table  V. — Acid-Combining  Power  of  Different  Preparations. 


Material  used. 

Base-free  casein 
Alcohol-soluble  prepara- 
tion 
Salt-soluble  preparation     20 

In  respect  to  acid-combining  power,  these  results  indicate 
that  the  alcohol-soluble  and  salt-soluble  preparations  made 
from  cheese  are  essentially  the  same  compounds  as  casein  and 
paracasein,  that  is,  they  are  essentially  base-free  paracasein. 

The  Nomenclature  of  Casein  and  Paracasein  and  Their  Com- 
pounds. 

From  the  work  presented  in  the  preceding  pages  there  is 
reason  to  believe  that  there  exist  the  following  bodies,  repre- 


Amount  of 

acid  used 

equal  to 

N/ioo  HCl. 

Acid  equal 
to  N/ioo 
HCl  in 
filtrate. 

Acid  equal 
to  N/roo 
HCl  in 
proteid. 

cc. 

cc. 

cc. 

20 

^  - 

13-6 

6.4 

20 

13-6 

6.4 

a     20 

14.0 

6.0 
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senting  milk-casein  and  paracasein  and  the  compounds  formed 
by  them  : 

Casein,  basic  calcium  casein,  neutral  calcium  casein,  casein 
salts  of  acids,  paracasein,  basic  calcium  paracasein,  neutral 
calcium  paracasein  and  paracasein  salts  of  acids. 

In  most  of  the  literature  on  the  subject,  the  word  casein  is 
used  indiscriminately  to  mean  milk-casein,  free  casein,  or  those 
casein  salts  formed  by  acid  precipitation.  In  many  cases  it  is 
used  comprehensively  to  include  all  the  proteids  in  cows'  milk. 
A  similar  state  of  confusion  exists  in  regard  to  the  use  of  the 
word  paracasein.  It  would,  therefore,  seem  pertinent  to  make 
the  following  suggestions,  tentatively  at  least,  in  regard  to  the 
nomenclature  of  these  compounds  : 

(i)  That  the  compound  exi.sting  in  cows'  milk,  commonly 
called  casein,  be  called  calcium  casein. 

(2)  That  the  w^ord  casein  be  applied  only  to  the  free  proteid, 
that  is,  the  base-free  casein. 

(3)  That  the  casein  compound  containing  about  2.40  per 
cent  of  calcium  oxide  be  called  basic  calcium  casein. 

(4)  That  a  compound  formed  by  precipitation  and  combina- 
tion with  an  acid  be  called  a  casein  salt  of  the  acid  used. 

(5)  That  the  same  nomenclature  be  applied  to  the  corre- 
sponding paracasein  bodies,  simply  substituting  the  word  para- 
casein for  casein,  with  the  following  addition  :  The  name 
calcium  paracasein  should  be  applied  to  the  uncoagulated  sub- 
stance produced  in  milk  by  rennet  enzyme,  while  the  coagulum 
of  this  substance,  caused  by  soluble  calcium  salts,  should  be 
called  coagulated  calcium  paracasein. 

The  Relation  of  the  Results  to  Certain  Changes  Taking  Place 
during  the  Cheese-Making  Process. 
In  the  manufacture  of  cheddar  and  similar  types  of  cheese, 
after  the  addition  of  rennet  enzyme  and  coagulation,  there 
takes  place  a  progressive  change,  resulting  in  the  production 
of  increased  amounts  of  a  proteid  soluble  in  warm  5  per  cent 
solution  of  sodium  chloride.  This  product  may  amount,  in 
fresh  cheese,  to  75-80  per  cent  of  the  proteids  present.  We 
were  led  by  the  former  work  to  interpret  these  facts  as  fol- 
lows :     Lactic  acid,  formed  by  the  lactic  fermentation  of  milk- 
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sugar,  combines  with  the  paracasein  of  the  curd,  forming  para- 
casein monolactate,  insohible  in  water  but  soluble  in  warm  5 
per  cent  salt  solution  and  in  hot  50  per  cent  alcohol.  In  the 
light  of  the  results  of  our  more  recent  work,  this  interpretation 
must  be  modified  and  the  observed  facts  appear  to  be  explained 
correctly  in  the  following  manner  :  The  coagulum  following 
the  addition  of  rennet  enzyme  to  milk  is  calcium  paracasein, 
either  mixed  or  loosely  combined  with  soluble  calcium  salts. 
While  lactic  acid  is  being  formed  in  the  cheese-making  process, 
it  combines  with  the  calcium  of  the  calcium  paracasein,  form- 
ing free  paracasein  and  calcium  lactate.  The  conditions  of 
manufacture  are  so  controlled  that,  normally,  not  enough  is 
produced  to  convert  all  the  calcium  paracasein  to  base-free 
paracasein.  The  proteids  of  the  curd  are,  therefore,  a  mix- 
ture, in  varying  proportions,  of  calcium  paracasein  and  free 
paracasein.  It  is  the  free  paracasein  that  is  soluble  in  warm  5 
per  cent  salt  solution  and  in  hot  50  per  cent  alcohol ;  and  it  is 
this  body  that  has  the  characteristic  property  of  being  drawn 
out  in  fine,  silky  threads,  when  touched  with  a  hot  iron.  It 
is  the  free  paracasein  that  imparts  to  cheese-curd  its  peculiar 
plastic  and  ductile  properties,  exhibited  in  the  process  known 
as  "  packing"  or  "  matting."  It  is  the  free  paracasein,  there- 
fore, that  appears  to  be  the  substance  in  which  the  various 
chemical  changes  grouped  under  the  general  term  of  cheese- 
ripening  begin  to  take  place. 

When,  in  the  process  of  cheese  manufacture,  an  excess  of 
lactic  acid  is  produced,  0.7-0.8  per  cent,  we  have  the  prod- 
uct familiarly  known  as  cottage  or  Dutch  cheese.  It  has 
a  loose,  granular  structure  and  is  insoluble  in  warm  5  per  cent 
salt  solution.  In  this  case  all  the  calcium  of  the  calcium  para- 
casein combines  with  lactic  acid,  after  which  additional  amounts 
of  free  lactic  acid  formed  unite,  in  a  loose  combination,  with 
the  free  paracasein,  producing  paracasein  lactate,  which  differs 
from  free  paracasein  in  a  most  marked  manner  in  respect  to  its 
solubilities  in  dilute  salt  solution  and  hot  alcohol  and  in  its 
plasticity  and  ductility. 

Summary. 

I.  Object. — The  primary  object  of  the  work  presented  is  to 
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make  a  further  study  of  the  casein  and  paracasein  salts  of 
acids/  with  an  extension  to  the  free  proteids  and  some  of  their 
combinations  with  bases. 

2.  Base-free  Casein. — Preparations  of  casein  free  from  ash, 
or  nearly  so,  were  made  by  precipitating  dilute  skim-milk  with 
acids,  removing  the  acid  and  inorganic  matter  by  repeated  fil- 
tration and  trituration  with  water  in  a  mortar.  The  process 
required  several  days. 

3.  Basic  Calcium  Casein. — Compounds  were  made  of  base- 
free  casein  in  which  the  proteid  combined  with  about  2.40 
per  cent  of  calcium  oxide.  One  such  preparation  was  made  by 
triturating  together  calcium  carbonate  and  the  base-free  casein, 
suspended  in  water  and  another  by  dissolving  base-free  casein 
in  lime-water  and  making  this  neutral  to  phenolphthalein  by 
acid. 

4.  Neutral  Calcium  Casein. — By  treating  base-free  casein, 
dissolved  in  lime-water,  with  acid  until  the  liquid  is  almost 
neutral  to  litmus,  there  is  formed  a  compound  of  casein  and 
calcium  oxide  containing  about  1.50  per  cent  of  calcium  oxide. 

5.  Calcium  Casein  Compounds  in  Relation  to  Rennet  Enzyme 
and  Soluble  Calcium  Salts. — Rennet  enzyme  coagulates  neither 
neutral  nor  basic  calcium  casein.  Neutral  calcium  casein,  after 
treatment  with  rennet,  is  coagulated  at  ordinary  temperatures 
by  soluble  calcium  salts.  Soluble  calcium  salts,  such  as  cal- 
cium chloride,  coagulate  both  neutral  and  basic  calcium  casein 
on  warming  to  35°-45°. 

6.  Casein  Present  in  Milk  as  Neutral  Calcium  Casein. — In  its 
behavior  toward  soluble  calcium  salts  on  warming  and  at  ordinary 
temperatures,  after  treatment  with  rennet,  neutral  calcium 
casein  behaves  like  milk-casein  and  casein  is  probably  present 
in  cows'  milk  as  the  neutral  calcium  casein. 

7.  Identity  of  Base-Free  Casein  and  the  Salt-Soluble  Proteid. — 
A  base-free  casein,  prepared  either  directly  from  milk  or  by 
treating  a  lime-water  solution  of  free  casein  with  an  acid  to  the 
point  of  acidity  with  litmus,  is  readily  soluble  in  warm  5  per 
cent  salt  solution  and  in  hot  50  per  cent  alcohol.  This  body, 
when  freshly  prepared  and  sufficiently  warmed,  is  very  plastic 

1  This  Journal,  28,  411  (1902). 
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and  ductile.  It  behaves,  in  all  respects,  like  the  substance 
which  we  were  formerly  led  to  regard  as  a  compound  formed 
by  combination  of  casein  and  an  acid  and  which  we  regarded 
as  a  casein  mono-salt  of  the  acid  precipitant. 

8.  Relation  between  the  Two  Series  of  Compounds  Previously 
Called  Casein  Mono-Salts  and  Casein  Di-Salts  of  Acids. — When 
I  gram  of  base-free  casein  is  treated  with  about  0.5  cc.  of  N/io 
hj-drochloric  acid,  a  substance  is  formed  which  is  insoluble  in 
warm  5  per  cent  salt  solution  and  in  hot  50  per  cent  alcohol 
and  which  is  no  longer  plastic  or  ductile  on  warming.  This  is 
like  the  substance  usually  formed  when  milk  coagulates  by 
natural  souring.  By  treating  base-free  casein  with  dilute  acid, 
it  was  found  that  i  gram  of  base-free  casein  appears  to  combine 
with  about  0.5  cc.  of  N/io  hydrochloric  acid,  forming  a  casein 
salt  of  hydrochloric  acid.  While  the  compounds  formerly  re- 
garded by  us  as  casein  mono-salts  of  acids  have  been  shown  by 
us  to  be  identical  with  base-free  casein,  the  compounds  which 
we  called  casein  di- salts  of  acids  are  compounds  formed  by 
combination  of  acids  with  free  casein. 

9.  Paracasein  and  Its  Compounds. — A  preparation  of  base- 
free  paracasein  was  made  and  from  this,  dissolved  in  lime- 
water,  were  prepared  (i)  basic  calcium  paracasein,  containing 
in  combination  about  2.40  per  cent  of  calcium  oxide,  (2)  neu- 
tral calcium  paracasein,  containing  about  1.50  per  cent  of  com- 
bined calcium  oxide. 

10.  Comparison  of  Properties  of  Casein  and  Paracasein  and 
Their  Compounds  of  Calcium. — Basic  calcium  casein  and  para- 
casein appear  to  be  soluble  in  water,  forming  slightly  opalescent 
solutions.  Neither  is  coagulated  by  rennet,  but  both  are  pre- 
cipitated by  soluble  calcium  salts  on  warming.  Neutral  cal- 
cium casein  is  coagulated  by  soluble  calcium  salts  on  warming 
to  35°-45°,  but  not  at  ordinary  room  temperatures,  while 
neutral  calcium  paracasein  is  completely  and  quickly  coagula- 
ted, at  room  temperatures,  by  soluble  calcium  salts.  Free  casein 
and  free  paracasein,  freshly  prepared,  possess  the  same  solu- 
bilities in  warm  5  per  cent  salt  solution  and  in  hot  50  per  cent 
alcohol  ;  they  also  pos.sess  the  same  characteristic  properties  of 
plasticity  and  ductility.     The  close  resemblance  of  casein  and 
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its  compounds  to  paracasein  and  its  compounds,  respectively, 
.suggests  that  they  are  chemically  alike,  paracasein  being  dif- 
ferent only  by  consisting  of  a  larger  molecular  aggregation 
than  casein. 

1 1 .  Relation  of  Paracasein  to  Salt-Soluble  Substances  and  to 
Compounds  Formed  by  Treatment  with  Acid. — Free  paracasein 
appears  to  be  identical  in  characteristic  properties  with  the 
compounds  we  formerly  called  paracasein  mono-salts  of  the 
acids  used  as  precipitants.  The  compounds  which  we  have 
heretofore  called  paracasein  di-salts  of  acids  appear  to  be  com- 
binations of  free  paracasein  and  the  acids  used  as  precipitants, 
I  gram  of  paracasein  uniting,  for  example,  with  about  0.5  cc. 
of  N/io  hydrochloric  acid. 

1 2 .  Relation  of  the  Salt-Soluble  Product  of  Cheese  to  Paracasein. 
— From  water-extracted,  fresh  cheddar  cheese  we  prepared  one 
extract  by  warm  5  per  cent  salt  solution  and  another  by  hot  50 
per  cent  alcohol.  These  preparations  have,  in  common  with 
free  paracasein,  the  characteristic  properties  of  plasticity  and 
ductility  and  the  same  combining  power  with  bases  and  acids, 
they  therefore  appear  to  be  free  paracasein  instead  of  para- 
casein monolactate,  as  we  were  formerly  led  to  believe. 

13.  Chemical  Changes  in  Calcium  Casein  Resulting  from  Sour- 
ing of  Milk  or  Addition  of  Acids. — When  an  acid  is  formed  in 
cows'  milk,  or  added  to  it,  the  acid  first  combines  with  the  bases 
of  some  of  the  inorganic  salts  of  the  milk  and  then  with  the 
calcium  that  is  combined  with  the  casein,  resulting  in  the 
formation  of  a  precipitate  which  is  free  casein.  By  further 
formation,  or  addition  of  acid,  the  free  casein  unites  with  it, 
forming  a  casein  salt  of  the  acid,  this  compound,  in  the  case  of 
lactic  acid,  being  the  coagulum  familiar  in  the  ordinary  sour- 
ing of  milk. 

14.  Chemical  Changes  in  Calcium  Paracasein  during  the 
Process  of  Making  Cheddar  Cheese. — The  coagulum,  following 
the  addition  of  rennet  enzyme  to  milk,  is  calcium  paracasein, 
either  mixed  or  loosely  combined  with  soluble  calcium  salts. 
While  lactic  acid  is  being  formed  in  the  process  of  cheese- 
making,  it  combines  with  the  calcium  of  the  calcium  para- 
casein, forming  free  paracasein  and  calcium  lactate.     It  is  this 
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free  paracasein,  thus  formed,  that  is  soluble  in  warm  dilute 
salt  solution  and  in  hot  50  per  cent  alcohol  and  possesses  char- 
acteristic properties  of  plasticity  and  ductilit3\ 

15.  Suggestions  in  Regard  to  the  Nomenclature  of  Casein  and 
Paracasein  and  Their  Compounds . — Much  confusion  prevails, 
at  present,  in  the  use  of  the  terms  casein  and  paracasein.  It 
is  suggested  that  the  following  nomenclature  be  used  :  ( i ) 
That  the  compound  existing  in  cows'  milk  be  called  calcium 
casein.  (2)  That  only  the  free  proteid  be  called  casein.  (3) 
That  the  casein  compound  containing  2.40  per  cent  of  calcium 
oxide  be  called  basic  calcium  casein.  (4)  That  a  compound 
formed  by  precipitation  and  combination  with  acid  be  called  a 
casein  salt  of  the  acid  used.  (5)  That  the  same  nomenclature 
be  applied  to  the  corresponding  paracasein  bodies,  with  the 
following  addition  :  Calcium  paracasein  should  be  applied  to 
the  uncoagulated  form  and  the  term  coagulated  calcium  para- 
casein to  the  coagulated  form. 

Geneva,  N.  Y., 
Dec,  1904. 
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NOTE    ON    THE    PREPARATION    OF    CERTAIN 
AMINES. 

By  Latham  Clarke. 

In  the  course  of  a  research^  on  addition  compounds  formed 
from  dimethylaniline  and  allied  substances,  it  was  necessary  to 
have  moderately  large  quantities  of  several  dialkylated  amines. 
In  preparing  these  I  have  worked  out  a  process  which  is  more 
convenient  than  the  older  methods  and  gives  a  much  larger 
yield  ;  for  example,  this  method  gave,  with  o-toluidine  and 
methyl  iodide,  a  practically  quantitative  yield  of  dimethylor- 
thotoluidine  and  with  /?-toluidine  and  methyl  iodide  gave  76- 
79  per  cent  of  the  theoretical  yield  of  dimethylparatoluidine. 
By  Thomsen's  method,'^  on  which  mine  was  founded,  not  over 
30  per  cent  was  obtained  in  any  case. 

1  have  also  succeeded  in  improving  the  method  for  making 
benzylamine,   so   that,   in  a  single  case,  from   100  grams  of 

>  Jackson  and  Clarke  :  Ber.  d.  chem.  Ges.,  37,  176. 

2  Ber.  d.  chem.  Ges.,  10,  1586. 
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benzyl  chloride  I  obtained  40  grams  of  this  substance  instead 
of  the  25  grams  yielded  by  Mason's'  original  process. 

The  dimethyl toluidines  have  been  prepared  by  two  methods, 
Thomsen's^  and  Nolting's.*  Thomsen's  method  consists  in 
treating  the  amine  repeatedly  with  methyl  iodide  and  caustic 
soda,  forming  the  trimethyltolylammonium  iodide  and  this,  by 
treating  with  lead  oxide,  yields  the  hydrate,  which  is  subjected 
to  distillation,  several  steps  thus  being  involved,  the  last  a  some- 
what wasteful  one.  Nolting  seals  up  the  amine  in  a  tube  with 
methyl  alcohol  and  hydrochloric  acid,  heats  the  mixture  for  2 
days  at  2oo°-22o°  and  then  rectifies  the  product.  Both  these 
methods  are  somewhat  tedious  and  the  yields  are  not  especially 
good. 

It  is  best  to  illustrate  my  general  method  by  a  specific  ex- 
periment. Ten  grams  of  />-toluidine  were  treated  with  75 
grams  of  methyl  iodide  (approximately  5  times  the  necessary 
amount)  in  a  round-bottomed  flask,  with  a  very  long  return- 
condenser  attached.  This  was  placed  on  a  water-bath,  at  50°, 
and  the  violent  boiling  which  soon  began  was  allowed  to  con- 
tinue 30-40  minutes,  shaking  occasionally  to  prevent  caking. 
The  excess  of  methyl  iodide  was  then  distilled  over  the  water- 
bath  and,  when  practically  all  had  been  driven  off,  the  white 
pasty  residue  was  treated  with  an  equal  volume  of  water,  which 
dissolved  all  but  the  small  amount  of  methyl  iodide  left  ;  by 
warming  the  liquid  and  passing  a  stream  of  air  through  it  this 
was  soon  removed  entirely.  It  is  almost  impossible  to  get  out 
all  the  iodide  by  simple  heating,  but  the  success  of  the  method 
depends  on  its  complete  removal.  To  the  clear,  somewhat 
colored  liquid  remaining  a  strong  solution  of  potassic  hy- 
drate was  then  added  and  the  floating,  oily  layer  separated  and 
dried  with  solid  caustic  potash. 

After  drying,  the  oil  was  subjected  to  another  treatment 
with  methyl  iodide  under  the  same  conditions  as  before,  the 
boiling  being  continued  rather  longer.  The  excess  of  iodide 
was  distilled  off,  the  residue  dissolved  in  water  and  the  last 
traces  of  iodide  expelled  as  before.     On  treating  with  alkali 

1  J.  Chem.  Soc,  63, 1313. 

2  Ber.  d.  chem.  Ges.,  10,  1586. 
»  Ibid.,  II,  2279. 
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this  time,  the  oil  which  separated  generally  sank  to  the  bot- 
tom and  was  removed  and  dried  over  solid  caustic  potash.  It 
was  then  distilled,  when  pure  dimeth3dparatoluidine  passed  over 
as  a  clear,  colorless  liquid,  boiling  at  183°  (760  mm,).  The 
yield  was  10  grams,  or  79.3  per  cent  of  the  theoretical. 

The  purity  of  the  dimethylorthotoluidine  and  dimethylpara- 
toluidine,  obtained  in  this  way,  was  proved  by  their  constant 
boiling-points,  halogen  tests,  which  gave  satisfactorily  nega- 
tive results  and  determinations  of  nitrogen  (Dumas)  : 

0.2345  gram  ortho  gave  22.0  cc.  N  at  24°  and  760  mm. 

Calculated  for 

C9H13N.  Found. 

N  IO-37  10.51 

0.351 1  gram  para  gave  33.2  cc  N  at  24°  and  760  mm. 

nn    N<-Jr  Calculated  for 

N    Lj^,  V*'  '  10.37  10.60 

This  method  has  several  obvious  advantages  over  Thomsen's 
or  Nolting's.  The  excess  of  iodide  has  so  kept  down  the 
temperature  that  there  is  no  elimination  of  hydriodic  acid  be- 
fore the  treatment  with  alkali ;  before  the  alkali  is  added  all 
methyl  iodide  is  removed,  thus  preventing  the  formation  of 
any  trimethyltolylammonium  iodide  as  a  by-product.  The 
great  excess  of  methyl  iodide  also  prevents  any  toluidine 
or  methyltoluidine  from  remaining  unchanged  and  the  pro- 
cess is  not  wasteful,  because  almost  all  the  excess  can  be  saved 
and  used  again.  The  reaction  is,  therefore,  made  almost  an  ex- 
act one. 

Using  isoamylamine,  methylisoamylamine  and  dimethyliso- 
amylamine  were  prepared  by  this  method,  both  for  the  first 
time.  Methylisoamylamine  is  a  clear,  colorless  liquid,  with  a 
peculiar,  not  unpleasant  odor,  it  boils  at  95°  (758  mm.).  From 
this  the  dimethylisoamylamine  was  made,  which  is  also  a  clear, 
colorless  liquid  with  a  strong  odor,  boils  at  98°  (758  mm.),  it 
gave  the  right  percentage  of  nitrogen  (Dumas),  but, 
unfortunately,  the  record  of  thq  analysis  is  lost.  In  their 
preparation  the  reactions  with  methyl  iodide  are  very  violent 
and  it  was  found  best  to  use  about   10  times  the  calculated 
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amount  of  the  latter  in  each  case.  The  temperature  at  which 
the  excess  of  methyl  iodide  was  driven  off  was  not  allowed  to 
exceed  50°.  Although  the  reaction  proceeds  well,  yet  lack  of 
experience  and  the  small  quantities  worked  with  caused  the 
yields  to  be  not  very  good,  only  about  40  per  cent  of  the  theo- 
retical amount  of  dimethylisoamylamine  being  obtained. 

Dimethylbenzylamine  was  prepared  by  this  method  very 
easily;  it  has  been  previously  made  by  Jackson  and  Wing,^  by 
the  action  of  dimeth5damine  on  benzyl  chloride.  The  benzyl 
amine  used  in  this  work  was  obtained  by  a  modification  of 
Mason's  method,^  which  proved  successful  the  first  and  only 
time  it  was  tried.  Mason  used  a  15  per  cent  solution  of  am- 
monia in  absolute  alcohol  and  so  much  benzyl  chloride  that, 
approximately,  20  molecules  of  ammonia  were  present  to  i  of 
benzyl  chloride.  This  was  allowed  to  stand  5  days  and  then 
the  separation  of  the  primarj^  secondary  and  tertiary  amines 
formed  in  the  reaction  was  proceeded  with.  In  this  manner 
100  grams  of  benzyl  chloride  gave  25  grams  benzylamine,  30 
grams  dibenzylamine  and  6  grams  tribenzylamine. 

Like  Mason,  I  used  a  practically  saturated  ammonia  solu- 
tion in  absolute  alcohol  and  the  same  proportion  of  ammonia  to 
benzyl  chloride,  but  in  my  case  the  benzyl  chloride  was  dropped 
slowly  from  a  separating-funnel  and  a  Witt  stirrer  was  made 
use  of  in  such  a  way  that  the  drops,  as  they  entered,  were  vio- 
lently torn  apart  and  stirred  deeply  in,  thus  preventing  the 
outer  part  of  the  drop,  which  had  already  reacted  with  the  am- 
monia, from  reacting  with  the  inner  part,  which  had  not.  The 
dropping  was  continued  for  6  hours  and  the  whole  was  then  al- 
lowed to  stand  3  days,  when  the  amines  were  separated  accord- 
ing to  Mason's  method.  From  100  grams  of  benzyl  chloride, 
40  grams  of  benzylamine,  16  grams  of  di-  and  4  grams  of  tri- 
benzylamine were  obtained. 

From  benzylamine  a  40  per  cent  yield  of  dimethylbenzjd- 
amine  was  obtained  which  boiled  at  185°  (760  mm.)  The 
methylbenzylamine  was  isolated  and  boiled  at  175°  (760  mm.). 
The  reaction  here  with  the  methyl  iodide  is  very  violent,  like 

1  This  Journal,  9,  79  (1887). 
-  J.  Chem.  Soc,  63,  1313. 
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that  with  isoamj'l amine  and  similar  proportions  of  amine  to 
methyl  iodide  were  used. 

a-  and  /?-naphthylamines  do  not  add  methyl  iodide  readily 
enough  to  make  this  method  applicable.  When  a-  and  y5-di- 
methylnaphthylamines  were  desired  they  were  obtained  by  the 
methods  of  Friedlander  and  Holman'  and  Hantzsch,^  respec- 
tively. 
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THE  DETERMINATION  OF   OXALIC   ACID  BY  PER- 
MANGANATE IN  THE  PRESENCE  OF  HY- 
DROCHLORIC ACID. 

By  Gregory  Paul  Baxter  and  Joaquin  Enrique  Zanetti. 

The  use  of  potassium  permanganate  as  an  oxidizing  agent,  in 
the  presence  of  hydrochloric  acid,  has  been  the  subject  of  fre- 
quent investigations  which  have  made  it  certain  that,  in  the 
oxidation  of  ferrous  iron,  there  is  invariably  a  loss  of  chlorine 
from  the  liquid  unless  manganous  salts,  phosphoric  acid,  or 
both  are  added  to  the  ferrous  solution,  before  titration.  The 
determination  of  oxalic  acid  by  permanganate,  in  the  presence 
of  hydrochloric  acid,  has  received  less  attention.  Zimmer- 
mann^  concluded  that  hydrochloric  acid  does  not  interfere  with 
the  titration,  but  upon  the  basis  of  analyses  where  only  20  cc. 
of  permanganate  were  employed  and  the  volume  determined 
only  to  tenths  of  a  cc.  Fleischer*  makes  the  same  statement. 
The  various  reference  books  upon  quantitative  analysis  almost 
universally  prescribe  the  addition  of  manganous  salts  to  pre- 
vent loss  of  chlorine.  Ostwald,^  on  the  other  hand,  states 
that  oxalic  acid  may  be  titrated  with  perfect  sharpness,  in  the 
presence  of  hydrochloric  acid,  without  a  trace  of  chlorine  being 
set  free.  Finally,  Gooch  and  Peters'^  have  shown  conclusively 
that  the  process  is  an  accurate  one  if  a  manganous  salt  is  added 

«  Her.  d.  chem.  Ges.,  ai,  3124  (1888). 

*  Ibid.,  13,  1348. 

*  Ann.  Chem.  (Liebig),  313,  305  (1882). 
■♦  Vol.  Anal.,  Trans.  Muir,  1877,  p.  71. 

s  Foundations  of  Analyt.  Chem.,  p.  151. 

*  Am.  J.  Sci.,  7,  461  (1899). 
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previously  to  titration,  but  their  results,  in  cases  where  man- 
ganous  salts  were  not  employed,  show  a  positive  error  in  the 
quantit)'^  of  permanganate  necessary  to  complete  the  oxidation. 
However,  in  their  experiments,  the  hydrochloric  acid  was 
added  to  solutions  which  already  contained  10  cc.  of  approxi- 
mately 50  per  cent  sulphuric  acid,  so  that  the  acid  concentration 
was  much  higher  than  that  which  usually  exists  in  an  analysis. 
A  study  of  the  mechanism  of  the  reaction  by  which  chlorine 
is  liberated  by  the  permanganate,  leads  to  the  conclusion  that 
the  initial  factors  are  the  permanganate,  hydrogen  and  chlo- 
rine ions,  which  unite  in  proportions,  by  numbers,  indicated  by 
one  of  the  two  possible  equations  : 

A-MnO- +  8H+ +  5CI-     :::     Mri++ +  4H,0  +  5C1> 
2MnO-  +  11H+  +  5CI-     r     2Mn++  +  5HOCI  +  sH.O. 

According  to  either  of  these  equations  the  reaction  should 
be  most  susceptible  to  variations  in  the  concentration  of  the 
hydrogen  ion,  somewhat  less  so  to  the  concentration  of  the 
chlorine  ion  and  least  to  that  of  the  permanganate  ion.  If, 
then,  the  concentration  of  the  hydrochloric  acid  is  reduced  to 
as  low  a  value  as  is  compatible  with  the  rapid  oxidation  of  the 
oxalic  acid,  it  should  be  possible  at  least  to  minimize  the  loss 
of  chlorine.  The  first  experiments  were  directed  to  test  this 
point. 

A  solution  of  potassium  permanganate  was  prepared,  contain- 
ing about  4  grams  in  a  liter.  A  solution  of  recrystallized  ox- 
alic acid  contained  about  1 2  grams  per  liter.  First  the  strength 
of  the  permanganate  was  very  carefully  determined,  by  titra- 
tion against  25  cc.  portions  of  the  oxalic  acid  solution,  in  the 
presence  of  sulphuric  acid.  After  the  relation  between  the 
permanganate  and  oxalic  acid  solutions  had  been  accurately 
established,  titrations  were  performed  with  the  use  of  10  cc.  of 
dilute  hydrochloric  acid  (sp.  gr.  1.04 -4-  +  )  for  each  25  cc.  por- 
tion of  the  oxalic  acid,  which  was  diluted  to  150  cc.  before 
titration.  It  was  soon  found  that  the  volume  of  permanganate 
necessary  depended  upon  the  temperature  of  the  solution  during 
the  titration.  If  the  temperature  was  at  or  above  70°  at  the 
beginning  of  the  titration,  decolorization  began  as  soon  as  a 
few  cc.  of  the  permanganate  had  been  added  and  the  results 
agreed  exactly  with  those  obtained  by  the  use  of  sulphuric 
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acid  instead  of  hydrochloric  acid.  On  the  other  hand,  if  the 
temperature  of  the  oxalic  acid  solution  was  below  70°,  it  was 
necessary  to  add  more  permanganate  before  the  reaction  visi- 
bly began  and  more  permanganate  was  necessary  to  complete 
the  oxidation.  Furthermore,  the  solution  had  the  peculiar 
odor  of  hypochlorous  acid,'  in  all  cases  where  more  than  the 
theoretical  amount  of  permanganate  was  necessary.  This  hy- 
pochlorous acid  was  apparent  only  before  the  decolorization 
commenced  and  while  it  was  proceeding.  Beyond  this  point, 
i.  e.,  as  soon  as  the  decolorization  of  the  permanganate  took 
place  as  fast  as  the  solution  was  introduced,  no  odor  of  hypo- 
chlorous  acid  or  chlorine  could  be  detected.  Whenever  the 
hypochlorous  acid  was  produced,  15-30  cc.  of  the  perman- 
ganate and  at  the  lowest  temperatures  even  more,  were  neces- 
sary for  the  first  signs  of  reaction.  The  end-point  was  sharp 
in  all  cases.  In  the  following  table  are  given  the  results  of 
the  first  series  of  experiments  : 

Table  I. 


Temperature 

KMn04 

Theoretical 

Error  in 

2C2O4.        HCl. 

Volume. 

at  beginning. 

used. 

KMn04. 

per  cent. 

cc.              cc. 

cc. 

cc. 

cc. 

25       10 

150 

80° 

± 

45-72 

45;  74 

—0.04 

1 

80° 

+ 

45-74 

0.00 

' 

80° 

± 

45-73 

— 0.02 

< 

80° 

± 

45-74 

0.00 

( 

70° 

45-74 

0.00 

( 

< 

70° 

65° 
60° 

45-77 
45-79 
45-78 

4-0.07 

H-O.II 
+0.09 

I 

50° 
40° 

45-82 
45-97 

+0.18 
+0.50 

It  is  probable  that  the  action  of  the  permanganate  upon  the 
hydrochloric  acid,  at  low  temperatures,  produces,  primarily, 
hypochlorous  acid,  which  is  slightly  dissociated  and  readily 
volatile.  That  no  appreciable  amount  of  hypochlorous  acid  is 
formed  at  high  temperatures  may  be  due  to  more  rapid  re- 
moval, under  these  conditions,  of  either  the  permanganate  or 
the  hypochlorous  acid  by  reaction  with  some  other  substance. 
The  removal  of  the  former  may  be  due  to  the  fact  that  potas- 
sium permanganate  reacts  more  vigorously  at  high  than  at  low 

'  If  a  solution  of  potassium  permanganate  is  warmed  to  40°  with  dilute  hydro- 
chloric acid,  the  odor  of  hypochlorous  acid  is  very  marked  and  a  precipitate  of  man- 
ganese dioxide  is  formed. 
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temperatures  with  manganous  salts,  according  to  Guyard's  re- 
action, to  form  a  compound  of  trivalent  or  quadrivalent  man- 
ganese, which,  in  turn,  is  capable  of  rapidly  oxidizing  oxalic 
acid.^  Since  manganous  salts  are  produced  by  the  reduction  of 
the  permanganate,  in  titrating  with  permanganate,  in  the  pres- 
ence of  hydrochloric  acid,  at  high  temperatures  the  Guyard  re- 
action is  accelerated  to  such  an  extent  that  the  concentration 
of  the  hypochlorous  acid  is  kept  at  a  minimum,  while  the  ef- 
fect of  cooling  during  titration  is  counterbalanced  by  the  ac- 
cumulating manganous  salt.  Obviously  the  temperature  at 
the  beginning  of  the  titration,  while  the  concentration  of  the 
manganous  salt  is  low,  is  the  important  factor.  In  the  pres- 
ence of  large  quantities  of  manganous  salt,  as  Gooch  and 
Peters  have  pointed  out,"  the  Guyard  reaction  is  so  much  ac- 
celerated that  exact  results  may  be  obtained  even  at  25°. 

Possibly,  however,  an  additional  effect  of  high  temperatures 
is  to  accelerate  the  reaction  between  the  hypochlorous  and  hy- 
drochloric acids  to  form  chloride,  which  is  readily  taken  up  by 
oxalic  acid,  or  that  between  hypochlorous  acid  and  manganous 
salts  to  form  manganese  dioxide  which  then  oxidizes  the  ox- 
alic acid. 

After  showing  the  effect  of  temperature  upon  the  reaction  it 
was  interesting  and  desirable  to  determine  the  influence  of 
varying  other  conditions.  In  Table  II.  are  given  the  results 
of  different  dilutions  : 

Table  II. 


Temperature 

KMn04 

Theoretical 

Error  in 

H2C204. 

HCl. 

Volume 

at  beginning. 

used. 

KMUO4. 

per  cent. 

cc. 

cc. 

cc. 

cc. 

cc. 

25 

10 

50 

80°  ± 

45-78 

45-74 

+  0.09 

50 

80°+ 

39-53 

39-50 

+  0.08 

50 

80°  + 

39-52 

39-50 

+  0.05 

100 

80°  ± 

45-78 

45-74 

+  0.09 

ICO 

80°  + 

39-46 

39-50 

— 0.10 

100 

8o°+ 

39-50 

39-50 

0.00 

ICO 

80°+ 

39-48 

3950 

—0.05 

300 

75° 

45-73 

45-74 

0.02 

300 

58° 

45.81 

45-74 

+  0.15 

300 

45° 

45-96 

45-74 

+  0.48 

1  Shilow  :   Ber. 

d.  chem. 

Ges.,  36,  2735 

(1903).    Strabal :  Z.  anorg. 

Chem.,  42,  I 

(1904). 

2Z0C. 
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It  is  evident  that  varying  the  concentration,  within  wide 
limits,  has  no  appreciable  effect,  but,  that  as  before,  the  tem- 
perature is  an  extremely  important  factor. 

A  stronger  solution  of  potassium  permanganate  was  found  to 
act  no  differently  from  those  first  employed,  thus  bearing  out 
the  conclusion,  previously  expressed,  that  the  concentration  of 
the  permanganate  ion  has  a  comparatively  slight  influence. 
In  the  starred  analyses  the  permanganate  was  added  slowly  at 
first,  until  the  reaction  was  well  started.  This  method  of  pro- 
cedure is  seen  to  have  had  a  beneficial  effect.  The  tempera- 
ture, below  which  an  error  is  introduced  in  the  case  of  the  more 
concentrated  permanganate  also,  is  very  close  to  70°  (Table 
III.): 

Table  III. 


Vol- 

Temperature 

KM 

n04 

Theoretical 

Error  in 

2C0O4.         HCl. 

ume. 

at  beginning. 

used. 

KMn04. 

per  cent. 

cc.              cc. 

cc. 

cc 

cc. 

25       10 

150 

80° 

21. 

68 

21.70 

—0.09 

80° 

21 

70 

' ' 

0.00 

90° 

21 

.70 

0.00 

90° 

21 

.68 

0.09 

75° 

21 

.70 

0.00 

75° 

21 

.70 

0.00 

70° 
70° 
70° 

21 
21 
21 

.70 
.72 
•71 

0.00 
-1-0.09 
+0.05 

70° 

21 

.70* 

0.00 

65° 

21 

72 

+0.09 

65° 
65° 
60° 

21 
21 
21 

70* 
70* 

74 

0.00 

0.00 

+  0.18 

60° 

21 

72 

+  0.09 

60° 

21 

77 

+  0.32 

60° 

21 

77* 

+0.32 

60° 

21 

77* 

+  0.32 

60° 

21 

74* 

+0.18 

60° 

21 

74* 

-fo.i8 

55° 

21 

81 

+0.51 

55° 

21 

74* 

+0.18 

Next  the  effect  of  increasing  the  concentration  of  the  hydro- 
chloric acid  only  was  investigated  and  it  was  found  that  a 
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slight  positive  error,  which  increased  with  the  concentration 
of  the  hydrochloric  acid  and  diminished  with  the  temperature, 
was  introduced  (Table  IV.).  In  the  last  analysis  the  end- 
point,  though  sharp,  soon  faded  : 

Table  IV. 


H0C2O4. 


25 


Temperature 

KMn04 

Theoretical 

Error  in 

HCl.        Volume,      at  beginning. 

used. 

KMnOi. 

per  cent. 

cc.               cc. 

cc. 

cc. 

20             I 

50               80° ± 

45-83 

45-74 

+0.20 

20 

85"= 

21.69 

21.70 

—0.05 

20 

75° 

34-94 

34-93 

+  0.03 

20               ' 

85° 

34-94 

34-93 

+  0.03 

20 

80° 

34-94 

34-93 

+  0.03 

30 

80°  ± 

45-78 

45-74 

+0.09 

30 

65° 

45.80 

45-74 

+  0.13 

30 

95° 

21.74 

21.70 

+  0.18 

40 

60° 

45.86 

45-74 

+  0.26 

50 

75° 

45-84 

45-74 

-|-0.22 

50 

95° 

21.73 

21,70 

+  0.13 

Finally,  the  concentration  of  the  chlorine  ion  was  varied  by 
adding  sodium  chloride  to  the  oxalic  acid  solution  : 


H2C2O4. 


25 


1 

'^ahkV 

HCI. 

Volume. 

Tempera- 
ture at  be- 
ginning. 

XaCl 
added. 

KMn04 
used. 

KMn04 
theory. 

Error  in 
per  cent. 

cc. 

cc. 

Grams. 

cc. 

cc. 

10 

150 

80° 

3 

39-48 

39-50 

—0.05 

( ( 

*  ' 

80° 

3 

39-47 

39-50 

—0.07 

<  ( 

(  < 

80° 

5 

39-50 

39-50 

0.00 

In  order  to  show  that  no  oxalic  acid  is  either  volatilized  or 
decomposed  at  high  temperatures,  in  two  cases  titrations,  in 
the  presence  of  sulphuric  acid,  were  carried  out  with  portions 
which  had  been  heated  with  the  sulphuric  acid  at  88°-90°,  in 
an  open  beaker,  for  15  and  30  minutes,  respectively.  The 
theoretical  amount  of  permanganate  necessary  was  21.70  cc, 
while  21.68  cc.  were  used  in  both  cases.  Evidently  the  vola- 
tilization or  decomposition  of  oxalic  acid  is  negligible  under 
ordinary  conditions  and  the  precaution  of  keeping  the  temper- 
ature of  the  solution  below  60°,  which  is  generally  recom- 
mended in  text-books,  is  unnecessary. 

The  potassium  permanganate  solutions  which  were  employed 
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in  the  foregoing  analyses  were  made  b}-  dissolving  the  salt  in 
hot  water  and  allowing  the  solution  to  stand  for  at  least  24 
hours,  then  decanting  the  clear  liquid.  The  solutions  did  not 
come  in  contact  with  rubber  or  any  reducing  substance  and 
their  strengths  were  determined  on  the  day  they  were  used. 
Titrations  were  made  by  both  the  authors,  with  confirmatory 
results  in  all  cases. 

The  main  results  of  the  research  are  as  follows  : 

1.  It  is  found  that  oxalic  acid  may  be  determined,  with  great 
exactness,  by  titration  with  potassium  permanganate,  in  the 
presence  of  hydrochloric  acid,  if  the  following  precautions  are 
observed  : 

a.  The  temperature  of  the  solution,  at  the  beginning  of  the 
titration,  must  be  at  least  as  high  as  70°. 

b.  The  concentration  of  the  hydrochloric  acid  must  not  be 
greater  than  20  cc.  of  dilute  acid,  of  sp.  gr.  1.04-5,  in  150  cc. 

c.  The  solution  must  not  be  too  concentrated.  One  hun- 
dred and  fifty  cc.  is  a  suitable  volume  for  o.  3  gram  of  oxalic 
acid. 

d.  The  permanganate  must  not  be  added  too  rapidly  and  con- 
stant stirring  is  advisable. 

2.  A  tentative  explanation  is  proposed  for  the  cause  of  the 
loss  of  chlorine  from  the  solution  and  consequent  use  of  too 
much  permanganate  when  the  above  precautions  are  neglected.^ 

3.  It  is  shown  that  oxalic  acid  does  not  appreciably  volatilize 
or  decompose,  in  dilute  solution,  at  temperatures  as  high  as 
90°. 

Cambridge,  Mass., 
January  12,  1905. 
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KrafjVs  Work  on  Molecular  Weight  Determinations  in  a  Vacuum. 

Professor  F.  Krafift,  of  Heidelberg,  has  made  a  prolonged 
study  of  the  behavior  of  substances  of  high  molecular  weight 
in  a  vacuum  and  of  the  evaporation-points  and  boiling-points 
of  metals  in  a  vacuum.     His  first  publication  on  the  subject 

1  Further  evidence  upon  this  point  will  be  presented  in  a  subsequent  paper  upon 
the  titration  of  ferrous  iron  with  permanganate,  in  the  presence  of  hydrochloric  acid. 
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appeared  in  1895.  A  list  of  subsequent  articles  is  given  be- 
low ;^  the  last  three  articles  are  the  most  important.  His 
studies  have  led  him  to  a  practical  method  of  determining  the 
molecular  weight  of  high  molecular  substances  and  to  inter- 
esting results  concerning  other  constants  of  matter.  The 
method  is  based  on  the  following  observations. 

The  passage  of  matter  from  the  solid  or  liquid  to  the  gaseous 
state  depends  on  two  factors  :  first,  on  overcoming  the  force  of 
gravity  ;  second,  on  overcoming  the  pressure  of  the  atmos- 
phere. 

If,  by  working  in  a  nearly  perfect  vacuum,  the  factor  of  at- 
mospheric pressure  is  eliminated,  we  have  to  deal  with  gravity 
alone  and  the  simple  quantitative  relation  of  substances  to  one 
another,  in  passing  into  the  liquid  or  gaseous  state  in  a 
vacuum,  must  be  regarded  as  functions  of  molecular  weight. 
How  clearly  defined  these  relations  are  is  shown  by  this  exam- 
ple : 

Hexadecane,  CH3(OH2)i4CH3.  Dotriacontane,  CH3(CH5)3oCH3. 

Molecular  weight,  226.  Molecular  weight,  450. 

Height  of  vapor  Boiling-  Height  of  vapor  Boiling- 

column,  point.  column.  point. 

65  mm.  64°  65  mm.  202° 

175  mm.  82°  175  mm.  238° 

DiflFerence,  18°  DifiFerence,    36° 

Here  we  have  two  strictly  analogous  molecules,  one  of 
which  has  twice  the  w^eight  of  the  other.  To  lift  the  heavier 
molecule  to  a  given  height  requires  just  twice  the  heat  energy 
required  to  lift  the  lighter  molecule. 

In  this  process  each  layer  of  vapor  lifts  up  the  layer  above 
it  and  is  itself  cooled  by  this  work  ;  hence,  in  the  upper  layers, 
on  which  there  is  practically  no  more  vapor  pressure,  we  reach 
the  temperature  at  which  the  force  of  gravity  is  just  over- 
come.    This  temperature  is  the  "  vacuum  boiling-point." 

With  substances  of  high  molecular  weight  there  is  no  diffi- 
culty in  reading  the  height  of  the  vapor  column  within  a  milli- 
meter. 

The  sketch  on  the  following  page  shows  the  apparatus  used 
in  determining  molecular  weight.^ 

To  avoid,  as  far  as  possible,  vapor-pressure  or  friction  in  the 
distilling-flask  A,  Krafft  makes  it  in  the  form  of  a  bent  tube, 
of  uniform  diameter  above  the  bulb  and  to  avoid  reading  the 

1  Ber.  d.  chem.  Ges.,  28,2583;  29,  :3i6,  2240  ;  32,1623;  33.3207,3576;  35.  1690, 
4339.  4344  ;  37.  95  ;  38,  242,  254,  262. 

2  Professor  Krafft  gives  no  drawing  of  his  apparatus.  As  it  is  a  help  to  under- 
standing his  method,  the  writer  has  made  a  diagrammatic  representation  from  the 
description. 
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height  of  vapor  column,  he  makes  the  flask  with  a  uniform 
height  of  195  mm.  from  the  surface  of  the  liquid  substance  to 
the  bend.  The  bulb  is  partly  immersed  in  a  Wood's  metal- 
bath,  in  the  crucible  B,  the  temperature  of  which  is  kept  con- 
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stant  by  an  outer  crucible  C,  the  space  between  the  two  iron 
crucibles  being  filled  with  asbestos.  D  is  a  thin  glass  tube, 
open  at  the  top,  fused  into  the  flask,  so  that  the  bottom  comes 
just  below  the  bend  ;  E  is  a.  similar  tube  reaching  nearly  to  the 
bottom  of  the  flask  ;  these  tubes,  D  and  E,  are  the  containers 
for  the  thermometers,  which  can  be  lowered  in  the  tubes  to 
any  desired  point.  F  is  a  thermometer,  to  determine  the  tem- 
perature of  the  air.  A  broad  mica  plate,  bored  to  admit  the 
flask,  covers  the  bath,  it  protects  the  thermometers  from 
radiated  heat.  The  distilling-flask  is  ground  into  the  receiver 
G,  which  stands  in  ice- water  and  is  connected  with  a  U-tube  H, 
standing  in  ice  and  salt ;  this  is  to  prevent  the  possible  escape 
of  vapor  into  the  pump.  A  second  U-tube,  /,  which  can  be 
cooled  at  the  proper  moment,  by  a  mixture  of  solid  carbon 
dioxide  and  ether,  comes  next.  A  tube  connects  the  apparatus 
with  a  powerful  mercury  pump  and  the  cathode  light,  in  a 
Crookes-Lenard  tube  K,  serves  as  an  indicator  of  the  vacuum. 
In  making  a  determination,  the  substance  examined  is  put 
in  the  bulb  of  flask  A,  the  apparatus  connected  with  the  pump, 
a  current  from  an  induction  coil  passed  through  the  Crooke's 
tube  and  the  substance  heated  by  means  of  the  metal-bath. 
When  the  bright  green  cathode  light  indicates  very  low  pres- 
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sure  and  the  substance  is  boiling  and  distilling  steadily,  solid 
carbon  dioxide  and  ether  are  put  in  the  receptacle  around  the 
U-tube  /  ;  this  lowering  of  temperature  lessens  the  pressure  to 
such  an  extent  that  the  cathode  light  disappears  ;  Krafft  says 
the  pressure  is  less  than  one-millionth  of  an  atmosphere,  prac- 
tically a  vacuum  ;  the  pressure  is  now  a  negligible  factor. 
The  thermometers  are  read,  which  finishes  the  determination. 
M  =  E  X  C  ;  M  is  the  molecular  weight  sought,  E  is  the  dif- 
ference in  temperature  indicated  by  the  upper  and  lower  ther- 
mometers. C  is  a  constant  of  the  apparatus  used.  It  depends 
on  the  height  of  the  vapor  column,  the  diameter  of  the  flask, 
etc.  and  must  be  determined  for  each  distilling-flask,  by  a  trial 
with  some  substance  of  known  molecular  weight ;  for  exam- 
ple, a  flask  tested  with  lauric  acid  (M  =  200.0)  gave 

-.        M         200.0 

C  =  -=r  = =  9-oo9> 

E  22.0 

the  constant  for  that  flask. 

The  results  tabulated  below  show  how  close  the  observed 
differences  were  to  those  calculated  : 

Difference  in        Difference  in 
Molecular       boiling-point        boiling-point 
Substance.  weight.  found.  calculated. 

m-Dinitrobenzene  168  i7°-5  18°. 6 

Benzidine  184  20°. o  20°. 4 

Phenyl  benzoate  198  20°. 5  21 ''.9 

Laurie  acid  200  22°. 2  22°. 2 

Mercury  200  22°. o  22°. 2 

Benzil  210  23°, 5  23°. 3 

Palmitic  acid  256  28^.5  28^.4 

Nonadecane  268  30°-5  29°. 7 

Eicosane  282  3i°-5  3i°-3 

Cetyl  iodide  352  35°. o  39°.! 

Dotriacontane  450  50°. o  50°. o 

Krafft  published,  in  1903,^  an  interesting  article  on  the  evap- 
oration and  boiling  of  metals  in  quartz  flasks.  In  the  course  of 
it  he  calls  attention  to  the  observation  that,  in  a  vacuum, 
evaporation  precedes  boiling  very  markedly  ;  indeed  some 
metals  volatilize  slowl}^  in  a  vacuum,  several  hundred  degrees 
below  their  boiling-points  under  similar  conditions  and  form 
a  bright,  metallic  mirror  on  the  cooler  wall  of  the  appara- 
tus. He  has  taken  up  this  work  again  and  determined,  for  a 
number  of  metals,  the  lowest  temperatures  at  which  they  evap- 
orate in  a  vacuum.     In  experiments  for  this  purpose  it  was 

1  Ber.  d.  chem.  Gcs.,  36,  1690. 
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necessary  to  avoid  all  pressure  of  vapor,  i.  e.,  all  force  of  grav- 
ity. The  apparatus  was  a  horizontal  glass  tube  i  cm.  in 
diameter  and  25  cm.  long,  ground  into  a  receiver  and  con- 
nected with  a  pump  and  Crookes'  tube  ;  the  glass  tube  is 
clo.sed  at  the  far  end  and  for  8  cm  distance  from  the  closed  end 
the  tube  is  surrounded  by  an  outer  tube,  fused  on  to  it,  re- 
sembling the  inner  and  outer  tubes  of  a  Liebig  condenser  ;  the 
space  between  the  tubes  was  filled  with  a  suitable  liquid  and 
heated,  to  secure  an  even  temperature,  the  substance  being  put 
near  the  closed  end  of  the  inner  tube.  As  noted  in  the  table 
below,  the  evaporation-points  of  a  few  metals  range  from  — 40° 
for  mercury  to  640°  for  silver.  The  experiments  with  silver 
and  other  high-fusing  metals  were  made  in  a  tube  of  quartz 
heated  in  a  small  electric  furnace. 

It  was  shown  in  the  first  pages  of  this  report  that,  in  boiling 
in  a  vacuum,  a  vapor  is  formed  which  we  may  call  "  saturated" 
in  relation  to  gravity.  In  boiling  under  a  pressure  of  760  mm. 
the  vapor  is  "saturated"  in  relation  to  gravity  plus  atmos- 
pheric pressure.  It  would  be  of  interest  to  bring  these  two 
boiling-points  into  measurable  relation  and  this  can  be  done  by 
considering  the  two  "  limit  conditions"  in  combination  with  a 
third  "limit  condition,"  the  beginning  of  evaporation  in  a 
vacuum. 

Mercury  begins  to  evaporate  in  a  vacuum  at  — 40°  and  boils 
at  155°  ;  under  atmospheric  pressure  it  boils  at  357°.  The 
interval  between  the  first  and  second  temperatures  is  195°  ;  the 
interval  between  the  second  and  third  is  202°  ;  the  intervals  are 
approximately  equal  ;  how  close  these  relations  are  is  shown  in 
this  table  : 


Beginning  of 

Boiling- 

evaporation  in 

Boiling-point 

Diflference, 

point, 

Difference, 

Element. 

vacuum. 

in  vacuum. 

I. 

760  mm. 

II. 

Mercury 

-40° 

155° 

195° 

357° 

202° 

Cadmium 

156° 

450° 

294° 

749° 

299° 

Zinc 

184° 

550° 

366° 

920° 

370° 

Potassium 

63° 

365° 

302° 

667° 

302° 

Sodium 

98^ 

418° 

320° 

742° 

324° 

Bismuth 

270*" 

993° 

723° 

1700° 

707° 

Silver 

680° 

1360° 

680° 

2040° 

680° 

If,  as  shown  above,  the  essential  work  during  boiling  in  a 
vacuum  consists  in  overcoming  the  force  of  gravity,  then  this 
table  shows  that  the  elements  examined  require  the  same 
amount  of  heat  from  the  beginning  of  the  evaporation  till 
gravity  is  overcome — as  is  required  to  overcome  atmospheric 
pressure. 
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To  sum  up,  KrafiFt  maintains  that  boiling  in  the  air  depends 
on  two  factors,  gravity  and  atmospheric  pressure.  By  com- 
paring vacuum  boiling-points  and  air  boiling-points  he  has  a 
measure  of  atmospheric  pressure.  He  believes  that  the  lowest 
evaporation-point  is  the  temperature  at  which  single  molecules 
begin  to  escape  from  the  heated  substance  and  that  the  inter- 
val between  the  evaporation-point  and  the  vacuum  boiling- 
point  is  a  measure  of  gravity. 

If  he  is  right,  it  follows  that,  at  the  earth's  surface,  gravity 
and  atmospheric  pressure  are  equivalent.  E.  renouf. 

The  Triphenylmethyl  Question. 

The  triphenylmethyl  question  has  assumed  such  an  important 
position  in  the  literature  of  organic  chemistry  that  it  has 
seemed  well  to  prepare  a  brief  report  upon  our  knowledge  of 
the  substance.  The  work  of  Gomberg  is  so  well  known  that 
only  a  few  of  the  more  characteristic  properties  of  triphenyl- 
methyl will  be  described  here,  while  the  greater  part  of  this 
report  will  deal  with  certain  suggestions  as  to  the  structure 
of  triphenylmethyl  which  have  been  presented  recently. 

Triphenylmethyl  was  first  obtained  by  Gomberg,  in  1900, 
by  the  action  of  zinc  upon  triphenylchlormethane.  The  sub- 
stance was  found  to  be  remarkably  sensitive  to  certain  re- 
agents. It  unites  with  atmospheric  oxygen  to  form  a  perox- 
ide, absorbs  halogens  readily  and,  in  every  way,  exhibits  the 
characteristics  of  an  unsaturated  compound.  Finally,  the 
cryoscopic  determinations  of  the  molecular  weight,  first  made 
by  Gomberg,  indicated  the  unsaturated  formula  of  triphenyl- 
methyl as  the  correct  expression  of  the  structure  of  the  sub- 
stance. Later,  however,  Gomberg  repeated  his  molecular 
weight  determinations  and  found  that  his  second  series  of 
measurements  pointed  to  the  double  formula.^  Notwithstand- 
ing this  fact,  the  formula  of  hexaphenylethane  could  not  be 
ascribed  to  Gomberg' s  substance  for  the  reason  that  Ullmann 
and  Borsum^  had  obtained  a  hydrocarbon,  by  another  method, 
to  which  they  had  given  this  formula.  This  substance,  too, 
had  previously  been  obtained  by  Gomberg,^  by  a  still  different 
process.  Since  the  so-called  hexaphenylethane  of  Ullmann 
and  Borsum  was  not  identical  with  the  triphenylmethyl  of 
Gomberg,  it  became  necessary  to  look  elsewhere  for  an  ex- 
planation of  the  phenomenon. 

In  a  recent  number  of  the  Berichte,*  A.  E.  Tschitschibabin 

1  Ber.  d.  chetn.  Ges.,  37,  2037  (1904). 
^  /bid.,  35,  2877  (1902). 
"^  Ibid.,  35,  3914  (1902)- 
*  Ibid.,  37,  4712  (1904). 
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points  out  that  the  hydrocarbon  of  Ullmann  and  Borsum  is  not 
hexaphenylethane,  but  an  isomeric  substance  and  that,  in  all 
probability,  triphenylmethyl  is  the  true  hexaphenylethane. 
Tschitschibabin's  argument  is  as  follows  : 

The  hydrocarbon,  obtained  by  Ullmann  and  Borsum  and 
considered  by  them  to  be  hexaphenylethane,  was  prepared  by 
the  action  of  zinc  upon  triphenylchlormethane  in  glacial  acetic 
acid  solution.  In  order  to  bring  about  a  reaction,  however,  it 
was  necessary  to  add  zinc  chloride.  In  their  paper  Ullmann 
and  Borsum'  express  the  belief  that  the  reaction  takes  place  in 
the  following  stages  :  Triphenylchlormethane  is  hydrolyzed 
by  the  small  amount  of  water  present  in  the  acetic  acid  used 
and  the  triphenylcarbinol  thus  formed  is  reduced  to  hexa- 
phenylethane by  the  hydrogen  resulting  from  the  action  of  the 
zinc  upon  the  acetic  acid  : 

2(C,H,)3C.OH  +  2H     =     (C,H,)3C-C(C,H,)3  +  2H,0. 

Since  a  condensing  agent  is  necessary  to  bring  about  the  re- 
action, Tschitschibabin  thinks  it  probable  that  the  condensa- 
tion takes  place  in  another  manner  and  that  pentaphenyldi- 
methylbenzene  (dipheuylomethyltetraphenylmethane)  is  pro- 
duced : 

(C,H,)3C.0H  +  C,H,CH(QH,),     - 

(C«H,)3C.C,H,CH.(C«H,),  +  H,0, 

or  that  the  condensation  may  take  place  between  2  molecules 
of  the  carbinol  with  a  subsequent  reduction  to  the  above  hy- 
drocarbon. This  reaction  is  made  probable  by  the  work  of 
Baeyer  and  Villiger,^  who  showed  that  triphenylcarbinol  con- 
denses with  phenol  in  an  analogous  manner  : 

(C«H,)3C.0H  +  CeH.OH     =     (C,H,)3C.C,H,0H  +  H,0, 

and  also  by  the  work  of  Ullmann,'  who  represented  the  conden- 
sation between  triphenylcarbinol  and  anilin  by  the  equation  : 

(QHJ3C.0H  +  C,H,NH,    =    (C,H,)3C.C,H,NH,(/.)+HA 

Ullmann  and  Borsum  studied  their  substance  carefully  and 
came  to  the  conclusion  that  its  structure  must  be  represented 
by  the  formula  of  hexaphenylethane.  Tschitschibabin  found, 
however,  that,  if  dissolved  in  carbon  bisulphide  and  placed  in 
the  sunlight,  the  hydrocarbon  took  up  i  atom  of  bromine  and 
liberated  hydrobromic  acid.  From  this  bromine  derivative  he 
was  able  to  pass  to  the  carbinol,  acetyl  and  ethoxy  compound. 
Finally,  he  proved  that  the  bromine  derivative  is  not  a  mixture 

1  Ber.  d.  chem.  Ges.,  35,  2877  (1902). 
-  /did.,  35,  3018  (1902). 
^  /bid.,  36,  404  (1903)- 
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of  substances  containing  bromine  in  a  benzene  nucleus.  These 
reactions  point,  unmistakably,  to  the  presence  of  a  methane 
hydrogen  atom  and  must  be  represented  as  follows  : 

(C,H,)3C.C,H,CH(CeH,),  +  Br,     = 

(C,H,)3C.CeH,.CBr(C,H,),  +  HBr, 

on  treatment  with  water 

(C,H,)3C.C,H,.CBr(C,H,X  +  H,0     = 

(CeH,)3C.C,H,X(0H)(C,H,),  +  HBr. 

From  the  results  of  these  experiments  Tschitschibabin  sug- 
gests, as  already  mentioned,  that  triphenylmethyi  is  the  true 
hexaphenylethane.  He  thinks  that  the  marked  reactivity  of 
triphenylmethyi  is  not  inconsistent  with  the  structure  of  hexa- 
phenylethane, because  the  presence  of  many  electronegative 
groups  tends  to  increase  the  activity  of  compounds.  Peculiari- 
ties of  structure  often  cause  saturated  compounds  to  act  as 
though  unsaturated  ;  e.  g.,  trimethylene  passes  readily  into  tri- 
methylene  bromide.  Again,  the  work  of  Engler,  Weger^  and 
others  has  shown  that  many  substances  react  with  the  oxygen 
of  the  air,  at  ordinary  temperatures,  to  form  peroxides  as  their 
first  product.  This  phenomenon  occurs  with  certain  saturated 
compounds  and  is,  probably,  more  common  than  is  ordinarily  sup- 
posed. Finally  and  most  important,  Gomberg  has  shown  that 
triphenyliodomethane  forms  a  peroxide  with  the  same  ease  as 
triphenylmethyi  itself. 

In  the  succeeding  number  of  the  Berichte  an  article  by  P. 
Jacobson  appears,^  in  which  he  offers  another  suggestion.  The 
fact,  shown  by  tromberg,  that  triphenylmethyi  is  converted,  by 
hydrochloric  acid,  into  the  compound  of  UUmann  and  Borsum, 
makes  it  seem  improbable  that  triphenylmethyi  is  the  true 
hexaphenylethane,  especiall}^  when  the  structure  assigned  to 
the  Ullmann  and  Borsum  compound  by  Tschitschibabin  is  con- 
sidered. If  so,  this  rearrangement  must  take  place  in  the  fol- 
lowing manner  : 

(C,H,)3C.C-C,H,     =     (QH,)3C.CeH,.CH(C,H,),. 

J I 

While  analogy  for  such  a  transposition  exists  in  the  semidine 
rearrangement  of  the  hydrazo  bodies, 

1  Ber.  d.  chem.  Ges.,  36,  309  (igos). 
•i  Ibid.,  38,  196  (1905)- 
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R.CgH.NH.HN.QH.H     --     R.C,H,NH.C,H,NH„ 

t  I 

I 1 

it  seems  improbable  that  it  should  take  place  in  this  case. 

Jacobson's  suggestion  is  founded  upon  the  formula  of  a  di- 
quinoid  proposed  by  Heintschel  :' 


2(C,H,),C=( 


H 


\ 


H      H 


(CeH,),C= 


=  C(C«H,X 


but  with  the  difference  that  one  quinoidal  triphenylmethyl 
group  is  combined  with  one  non-quinoidal  triphenylmethyl 
complex,  thus  : 


(C,H,),C=' 


\ 


H 


C(C,H,)3 


It  has  been  shown  by  the  work  of  Auwers,  Bamberger, 
Zincke  and  others,  that  these  quinoidal  compounds  exhibit  a 
marked  tendency  to  return  to  the  aromatic  condition.  Should 
such  a  substance  as  the  above  rearrange,  by  the  shifting  of  a 
hydrogen  atom,  the  hydrocarbon  of  Ullmann  and  Borsum,  as 
described  by  Tschitschibabin,  would  be  formed  : 


i 
(CeH,),C= 


H 


\ 


C(CeH,), 


(CeH,),CH-< 


C(C,H,)3 


On  the  other  hand,  should  the  aromatic  triphenylmethyl 
residue  detach  itself,  a  quinoidal  triphenylmethyl  would  re- 
main which  could  easily  rearrange  itself  into  the  aromatic  form 
by  the  shifting  of  its  bonds  : 

•  Ber.  d.  chem.  Ges.,  36,  320,  579  (1903). 
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(C«H,),C=/  V 
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H 


C(C,H,)3 

/=\         H 


\ 


I 

(CeH,),C-:f 


Thus  such  a  substance  could  readily  react  as  triphenyl- 
methyl  and  would  be  in  accord  with  Gomberg's  latest  molecu- 
lar weight  determinations. 

In  a  later  number  of  the  same  journal'  Tschitschibabin  dis- 
cusses the  suggestion  of  Jacobson.  He  admits  that  the  change  of 
triphenylmethyl  into  the  hydrocarbon  of  Ullmann  and  Borsum 
is  easily  explained  by  the  quinoidal  formula,  but  sees  no  special 
advantage  in  the  monoquinoidal  formula  of  Jacobson  over  the 
diquinoidal  formula  of  Heintschel.  Both  quinoidal  formulas 
seem  improbable,  however,  when  certain  facts  are  considered. 
There  undoubtedly  exists  a  close  relationship  between  triphenyl- 
methyl and  its  haloid  compounds.  This  is  shown  by  the  easy 
formation  of  triphenylmethyl  by  the  action  of  metals;  such  as 
silver,  on  the  haloid  compounds.  Since  the  work  of  Baeyer 
and  Villiger  makes  it  improbable  that  these  haloid  compounds 
have  the  quinoidal  structure,  it  is  hardly  probable  that  tri- 
phenylmethyl possesses  it.  There  seems  to  be  no  reason  to 
doubt  the  capability  of  existence  of  such  compounds  as  hexa- 
phenylethane  and,  if  Gomberg's  hydrocarbon  is  indeed  such, 
the  change  into  the  hydrocarbon  of  Ullmann  and  Borsum,  by 
means  of  hydrochloric  acid,  can  readily  be  explained  by  the 
assumption  that  the  elements  of  hydrochloric  acid  are  absorbed, 
with  the  formation  of  i  molecule  of  triphenylmethane  and  i  of 
triphenylchlormethane  and  that  a  condensation  between  these 
then  occurs,  with  the  liberation  of  hydrochloric  acid : 

(C,H,)3C.C(C,H,)3  +  HCl     =     (C,H,)3CH  +  (CeH,)3C.Cl ; 
(C,H,)3C.C1  -f  C,H,CH(C,H,)3     = 

(C,H,)3C.CeH,CH(CeH,),  +  HCl. 

The  question  is  still  an  open  one.      Both  Tschitschibabin 

1  Ber.  d.  cheni.  Ges.,  38,  771  (1905). 
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and  Jacobson's  ideas  are  valuable,  whether  or  not  either  of 
them  has  reached  the  truth.  The  next  paper  of  Gomberg,  in 
which  he  will  doubtless  consider  these  suggestions,  will  be 
awaited  with  interest.  p.  h.  cobb. 


REVIEWS. 


The  Study  of  the  Atom  ;  or  the  Foundations  of  Chemistry.  By 
F.  P.  Venable,  Ph.D.,  D.Sc,  t,L,.D.,  University  of  North  Carolina. 
Easton,  Pa.  :  The  Chemical  Publishing  Company.     1904.     pp.  290. 

In  the  words  of  the  author,  "  The  purpose  of  this  work  is  to 
trace  the  atomic  theory  of  chemistry  from  its  earliest  concep- 
tion to  the  present  day.  This  forms  the  foundation  of  all 
chemical  theory  and  has  been  offered  as  the  best  explanation 
of  the  constitution  of  matter  and  of  the  universe.  This  theory 
has  had  a  longer  life  than  any  other  philosophical  or  scientific 
conception,  and  has  to-day  more  nearly  its  ancient  form.  It 
has  lived  through  bitter  attack,  dialectic  strife,  and  even  per- 
secution, and  can  number  its  martyrs.  It  has  called  to  its  ser- 
vice the  master  minds  of  the  world  and  the  greatest  ingenuity 
in  experiment  and  logic.  It  is  not  to  be  presumed  that  such  a 
conception  can  be  dismissed  in  a  few  slighting  sentences  or 
overturned  by  one  or  two  crude  hj'potheses." 

In  successive  chapters  the  author  takes  up  : 
I.  Ancient  views  as  to  the  nature  of  matter. 
II.  From  the  Greek  philosophers  to  Dalton. 

III.  The  atomic  theory  of  chemistry. 

IV.  The  relative  weights  of  the  atoms. 
V.  The  periodic  or  natural  system. 

VI.  Affinity,  the  atomic  binding  force. 
VII.  Valence. 

VIII.  Molecules  and  the  constitution  of  matter. 

He  clearly  recognizes  that  the  early  atomic  theories  were  of 
no  value  to  chemistry.  They  were  not  chemical  theories. 
The  title  of  Chapter  III.  emphasizes  this — "The  atomic  theory 
of  chemistry,"  which  is,  of  course,  the  theory  of  Dalton.  An 
unusually  clear  account  of  the  evolution  of  Dalton' s  views  is 
given,  use  being  made  of  the  recent  work  of  Roscoe  and 
Hardin. 

The  author  has  not,  to  say  the  least,  lost  his  head  on  the 
subject  of  ions.  In  speaking  of  the  ionic  theory  he  says  (p. 
215)  :  "  There  are  many  difficulties  in  the  way  of  this  theory 
and  in  some  respects  it  is  not  a  satisfactory  solution  of  the 
problems.  It  is  still  under  discussion.  Manifestly  it  is  of  very 
limited  application  whatever  of  truth  there  may  be  in  it,  since 
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it  applies  fully  only  to  certain  bodies  dissolved  in  particular 
solvents  and  then  only  in  very  dilute  solutions."  It  may  be 
said  that  the  fact  that  substances  are  not,  as  a  rule,  completely 
dissociated  is  not  to  be  regarded  as  an  objection  to  the  theory. 
It  seems  highly  probable  that  dissociation  of  some  kind  is  a 
factor  of  importance  in  a  large  proportion  of  the  reactions  that 
take  place  between  substances.  The  theory  has  no  doubt 
been,  and  still  is,  a  powerful  incentive  to  valuable  experimen- 
tal work. 

Nothing  new  is  presented  under  the  head  of  Valence, 
that  ever  puzzling  subject.  The  hypothesis  of  Richards, 
and  that  of  Venable,  are  given  some  space.  The  latter 
no  doubt  tends  in  the  right  direction,  though  somewhat  vague. 

In  the  last  chapter,  which  deals  with  "Molecules  and  the 
Constitution  of  Matter, ' '  all  the  modern  improvements  includ- 
ing electrons  and  the  ether  of  Mendeleefif  are  met  with  and  any 
one  reading  this  chapter  will  have  a  very  fair  idea  of  the  views 
that  are  now  under  discussion.  In  fact  the  whole  book  is 
recommended  to  those  interested  in  the  theories  of  chemistry. 

Some  errors  have  been  noted.  On  page  43  "  Berthollet"  is 
used  three  times  for  "  Berthelot."  On  page  83  the  title  of 
Berthollet' s  book  should  be  "  Essai  d'une  Statiquechimique." 
On  page  84  "  Stoichiometrie"  should  be  "  Stochiometrie." 
On  page  122  "Ampere  should  be  "Ampere."  On  page  199 
the  title  of  Berthollet' s  book  is  again  wrong,  being  given  as 
"  Essai  de  statique  chimique."  These  are,  however,  small 
matters,  and  can  be  easily  corrected.  i.  r. 

An  Attempt  towards  a  Chemicai,  Conception  of  the  Ether.  By 
Professor  D.  Mendei,EEFF.  Translated  from  the  Russian  by 
George  Kamensky,  A.R.S.M.,  of  the  Imperial  Mint,  St.  Petersburg. 
London,  New  York  and  Bombay  :  Longmans,  Green  &  Co.  8vo. 
1904.     pp.  51.     Price,  80  cents. 

The  author  is  of  the  opinion  that  the  ether  must  be  a  definite 
chemical  substance  and  must  have  weight.  He  says,  "  Al- 
though sceptical  indifference  is  prone  to  discern  only  a  work- 
ing hypothesis  in  the  conception  of  the  ether,  yet  the  earnest 
investigator,  seeking  the  reality  of  truth  and  not  the  image  of 
fantasy,  is  forced  to  ask  himself  what  is  the  chemical  nature  of 
the  ether."  *  *  *  "  If  the  question  were  restricted  to  the 
ether  which  fills  space  and  serves  as  a  medium  for  the  trans- 
mission of  energy,  it  would  in  a  way  be  possible  to  limit  one- 
self to  the  supposition  of  mass  without  reference  to  its  chem- 
ical relations  and  even  to  consider  the  ether  as  a  primary  mat- 
ter, just  as  the  mass  of  a  planet  may  be  conceived  without  re- 
garding its  chemical  composition.     But  such  an  indifferent,  in- 
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definite  ether  loses  all  sense  of  reality  and  awakens  the  mis- 
givings of  the  earnest  investigator,  directly  he  realizes  that  it 
must  permeate  all  substances." 

The  investigation  into  the  chemical  nature  of  the  ether  is  based 
upon  two  propositions  :  "  ( i )  That  the  ether  is  the  lightest  ( in 
this  respect  ultimate)  gas  and  is  endowed  with  a  high  penetra- 
ting power,  which  signifies  that  its  particles  have,  relatively  to 
other  gases,  small  weight  and  extremely  high  velocitj',  and  (2) 
that  the  ether  is  a  simple  body  (element)  incapable  of  entering 
into  combination  or  reaction  with  other  elements  or  compounds, 
although  capable  of  penetrating  their  substance,  just  as 
helium,  argon,  and  their  analogues  are  soluble  in  water  and 
other  liquids." 

An  extension  of  the  periodic  arrangement  of  the  elements 
provides  a  place  for  an  element  x  in  the  zero  group,  which  in- 
cludes helium,  neon,  argon,  krypton,  and  xenon,  and  series  o 
which  precedes  series  i.  In  series  i  the  only  known  element 
included  is  hydrogen.  The  author  now  assigns  an  unknown 
element  y  to  this  series.  This  element  is  the  second  member 
of  the  zero  group.  The  atomic  weight  of  y  is  not  greater  than 
0.4  and  is  probably  less.  "Such  an  analogue  of  helium  may 
perhaps  be  found  in  coronium,  whose  spectrum,  clearly  visible 
in  the  solar  corona  above  (that  is,  further  from  the  sun  than) 
that  of  hydrogen,  is  simple  like  that  of  helium,  which  seems  to 
indicate  that  it  belongs  to  a  gas  resembling  helium,  which  was 
also  predicted  from  its  spectrum  by  Lockyer. ' ' 

But  y  with  an  atomic  weight  0.4  and  a  probable  density  of 
0.2  "  cannot  possibly  be  ether,  its  densit)^  being  too  great.  It 
wanders,  perhaps  for  ages,  in  the  regions  of  space,  breaks  from 
the  shackles  of  the  earth  and  again  comes  within  its  sphere,  but 
still  it  cannot  escape  from  the  region  of  the  sun's  attraction, 
and  there  are  many  heavenly  bodies  of  greater  mass  than  the 
sun.  But  the  atoms  of  ether  must  be  of  another  kind  ;  they 
must  be  capable  of  overcoming  even  the  sun's  attraction,  of 
freely  permeating  all  space,  and  of  penetrating  everything  and 
everywhere.  The  element  y,  however,  is  necessary  for  us  to 
be  able  to  mentally  realize  the  lightest  and,  therefore,  swiftest 
element  x,  which  I  consider  may  be  looked  upon  as  the  ether." 
It  is  evident  that  the  atomic  weight  of  x  must  be  so  small  that 
the  element  will  not  be  held  in  the  atmosphere  of  any  of  the 
stars.  By  means  of  a  few  assumptions  which  seem  justifiable 
and  a  few  simple  calculations  the  author  reaches  the  conclu- 
sion that  "  the  particles  and  atoms  of  the  lightest  element  x,  capa- 
ble of  moving  freely  ever)'where  throughout  the  universe  have  an 
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atomic  weight  nearly  one-millionth  that  of  hydrogen  and  travel 
with  a  velocity  0/  about  22^0  kilometers  per  second. ' ' 

All  chemists  and  physicists  will  find  this  pamphlet  interest- 
ing and  suggestive.  i.  R. 

Grundzuge  der  chemischen  PfivAnzenuntersuchung.    By  Dr.  L. 
RoSENTHAivER.     Berlin  :  Julius  Springer.     1904      Price,  2.40  M. 

This  little  book  of  124  pages  is  intended  to  help  the  begin- 
ner, who  seeks  to  know  the  real  composition  of  plants,  to  pro- 
ceed in  a  systematic  way  with  his  investigation. 

In  the  introduction  the  author  calls  attention  to  the  fact  that 
it  cannot  be  expected,  in  a  complex  like  a  plant,  to  work  with 
the  accuracy  and  certainty  which  characterize  the  methods  ap- 
plied to  inorganic  mixtures  and  even  the  best  quantitative  pro- 
cesses give,  finally,  only  approximate  results.  Often  it  is  far 
easier  to  be  sure  of  the  absence  of  a  group  of  substances  than 
of  their  presence.  For  example,  if,  in  a  plant  extract,  the 
common  reagents  which  precipitate  alkaloids  give  no  reaction 
we  may  know  that  alkaloids  are  absent,  but  if  a  precipitate  is 
produced  it  may  be  due  to  other  nitrogenous  bodies.  The 
needs  of  plant  chemistry  are  greater  than  ever,  more  is  de- 
manded by  the  physiologist,  the  pharmacist  and  the  pharma- 
cologist and  the  importance  of  the  subject  is  such  as  to  cause 
the  author  to  demand  that  a  thorough  and  systematic  study  of 
it  be  made  in  the  universities. 

The  general  part  of  the  book  treats  of  the  methods  of  pre- 
paring the  material — powdering,  percolating,  extracting,  etc. 

The  preliminary  tests  to  determine  the  character  of  the  con- 
stituents are  next  described.  The  process  of  Stas-Otto  for  the 
solution  of  the  glucosides  and  bitter  principles  and  the  separa- 
tions effected  by  lead  acetate  are  described  in  sufficient  detail. 

The  special  part  treats  of  the  separation  and  determination 
of  the  alkaloids,  glucosides,  fats,  and  oils,  waxes,  lecithins, 
ethereal  oils,  resins,  tannins,  phlotophenes,  organic  acids, 
albuminoids  and  their  decomposition-products,  enzymes,  tox- 
albumins,  carbohydrates  and  related  substances  and  inorganic 
compounds. 

Of  particular  interest  are  the  data  relating  to  enzymes  and 
toxalbumins  because  the  older  works  on  this  subject  do  not 
discuss  these  points. 

The  manual  cannot  fail  to  be  of  use  both  to  the  student  and 
the  chemist,  engaged  either  in  analj'^sis  or  research. 

H.  W.  Wiley. 
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El/EKTROIvYTISCHE  Verfahren  zur  Herstei.i,ung  parabolischer 
Spiegei..  Von  Sherard  Cowper-Colks,  London.  Zur  Deutsche 
iibertragen  von  Dr.  Emil  Abel.  Mit  13  Figuren  iind  2  Tabellen  im 
Text.  Verlag  von  Wilhelm  Kuapp,  Halle,  a.  S.  1904.  pp.  17. 
Price,  M  i.oo. 

This  little  monograph  contains  a  clear  and  concise  account 
of  the  processes  involved  in  the  preparation  of  parabolic  mir- 
rors. H.  c.  J. 

MONOGRAPHIEN    UBER    ANGEWANDTE    ELEKTROCHEMIE.        XV.     Band. 

Kiinstlicher  Graphit.  Von  Francis  A.  J.  Fitz-Gerai,d,  Chemiker  der 
International  Graphite  Co.,  Niagara  Falls,  N.  Y.  Ins  Deutsche  iiber- 
tragen von  Dr.  Max  Huth,  Chemiker  der  Siemens  und  Halske,  A.  G., 
Wien.     Halle,  a.  S.  :     Wilhelm  Knapp.     1904.     Price,  M.  3. 

Reviews  of  several  of  these  monographs  have  appeared  in 
This  Journal  ;  this  one  is  of  interest  to  chemists. 

Mr.  Fitz-Gerald  first  gives  a  brief  historical  sketch  of  the 
work  of  Despretz,  Berthelot  and  Moissan  and  next  considers 
the  different  methods  of  making  graphite.  Castner's  patent 
was  based  on  the  observation  that  carbon  electrodes,  con- 
nected with  a  dynamo  and  heated  by  passing  a  powerful  cur- 
rent through  them,  are  converted  into  denser  carbon,  of  graph- 
itic character,  losing  volatile  material. 

Girard  and  Street  patented  a  furnace  for  making  electrodes. 
Carbon  electrodes  are  passed,  longitudinally,  through  a  heated 
space,  in  which  they  are  brought  into  thorough  contact  with 
the  arc,  converting  the  carbon  into  graphite  ;  by  shifting  a 
magnetic  field  the  arc  is  directed  as  desired,  thus  securing 
thorough  contact  aud  complete  change  to  graphite.  The  pat- 
entees found  that  an  electrode  made  of  retort  carbon  and  tar 
was  not  as  completely  changed  to  graphite  as  one  containing  2 
per  cent  of  silica,  or  boric  acid,  or  iron  oxide. 

Acheson's  process  developed  from  the  observation  that  car- 
borundum, at  high  temperatures,  changed  to  graphite,  silicon 
being  volatilized,  CSi  =  C  +  Si.  The  graphite  thus  formed  is 
remarkably  pure,  containing  only  0.03  per  cent  impurity.  The 
yield,  however,  is  small  ;  the  theoretical  yield  would  be  only 
30  per  cent  of  the  original  material  ;  in  practice  much  less  is 
obtained. 

Acheson's  theory  is  that  the  carbon  of  an  impure  coal  unites 
at  a  high  temperature  with  silicon,  or  other  elements,  forming 
pure  carbides,  which,  at  higher  temperatures,  dissociate  into 
pure  graphite  and  the  other  element  or  elements,  which  are 
volatilized.  He  uses  either  silica,  alumina,  clay,  lime,  or  iron 
oxide  in  forming  such  carbides. 

Most  of  the  artificial  graphite  marketed  is  made  from  an- 
thracite.    In  the  patent  for  this  process  Acheson  enlarges  his 
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theory.  He  says  that  it  is  not  necessary  to  add  the  amount  of 
silica,  or  other  foreign  substance,  required  to  combine  with  all 
of  the  carbon  to  form  a  carbide,  but  that  a  small  amount  of 
such  substance  can  decompose  large  quantities  of  carbon, 
yielding  graphite,  the  process  being  the  formation  and  decom- 
position of  carbide,  into  graphite  and  the  foreign  element, 
which  unites  with  the  carbon  from  anthracite  again,  until  the 
carbon  is  thus  completely  changed  to  graphite.  He  finds,  also, 
that  anthracite  containing,  as  natural  impurity,  5  per  cent  of 
silica,  alumina  and  iron  oxide  gives  better  results  than  any 
artificial  mixture  of  these  substances  with  pure  carbon. 

In  a  brief  supplement  the  author  refers  to  recent  work  of 
himself  and  others  on  this  subject.  E.  R. 

L,A  StaTioue  Chimique,  Bas^  sur  les  Deux  Principes  Fundamentaux  de 
la  Thermodynamique,  par  le  L,ihutenant-Coi,onei.  E.  Aries,  Ancien 
El^ve  de  I'Ecole  Polytechnique  Librarie  Scientifique.  Paris:  A.  Her- 
mann.    1904.  pp.  251.     Price,  10  Fr. 

This  book  on  chemical  statics,  based  on  the  two  fundamen- 
tal laws  of  thermodynamics,  is  clearly  and  concisely  written 
and  a  useful  addition  to  the  literature  of  the  field.  An  idea 
of  the  scope  of  the  book  can  be  obtained  best  by  a  glance  at  its 
contents.  It  treats  of  mixtures,  the  laws  and  equations  of 
chemical  equilibrium,  the  phase  rule,  some  types  of  dissocia- 
tion, solutions,  separation  of  liquid  mixtures,  the  mixed  vapor 
emitted  by  a  liquid  mixture,  a  perfect  gas,  the  law  of  Dalton 
and  the  principle  of  Gibbs,  homogeneous  systems,  dilute  solu- 
tions and  osmosis. 

The  book  would  be  more  easily  accessible  and  its  value 
would  be  increased  by  a  good  subject  and  author  index. 

H.  c.  J. 

Application  oe  Some  General  Reactions  to  Investigations  in 
Organic  Chemistry.  By  Dr.  L,assar-Cohn,  Professor  of  Organic 
Chemistry  at  the  University  of  Konigsberg.  Authorized  translation 
by  J.  Bishop  Tingle,  Ph.D.  (Munich),  F.C.S.,  Johns  Hopkins  Uni- 
versity. New  York  :  J.  Wiley  &  Sons ;  London  :  Chapman  &  Hall, 
Limited.     1904.     pp.  101. 

This  valuable  little  book  should  be  in  the  hands  of  every 
one  engaged  in  research  in  the  field  of  organic  chemistry.  The 
object  of  the  author  is  stated  by  him  thus  :  "The  time  has  ar- 
rived when  it  is  possible  to  formulate,  for  the  conduct  of  some 
operations,  a  number  of  general  rules  derived  from  the  enor- 
mous mass  of  experimental  material  which  has  accumulated, 
and,  as  a  corollary,  to  develop  considerably  many  methods 
which  are  in  use  for  organic  chemical  investigations.  It  may 
be  hoped  that,  in  course  of  time,  the  blind,  trial  and  failure 
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process  may  be  increasingly  restricted  ;  this  little  book  is  of- 
fered as  an  attempt  to  systematize  methods  of  work  and  treats 
of  the  following  topics:  Fixation  of  labile  hydrogen  atoms; 
modification  of  reactions ;  improvement  in  the  conditions  of  reac- 
tion by  dtie  recognition  of  the  circumstances  in  which  the  product 
is  formed  ;  influence  of  neighboring  atoms  and  atomic  complexes  ; 
also  some  remarks  on  the  overstrain  of  reactions. 

Under  the  head  of  ' '  influence  of  neighboring  atoms  and 
atomic  complexes' '  the  author  says  :  "At  present  the  num- 
ber of  definitely  ascertained  instances  of  protective  action  is 
somewhat  limited  ;  reactions  inhibited  from  this  cause  have 
usually  failed  to  be  recorded  on  account  of  their  negative  re- 
sults. It  is  well  known  that  certain  acids  are  not  esterifiedby 
means  of  a  mixture  of  alcohols  and  sulphuric  acid  or  h)'- 
drochloric  acid,  and  that  certain  nitriles  and  amines  are  not 
hydrolyzed  by  the  action  of  dilute  acids." 

The  writer  of  this  notice  has  been  much  interested  in  phe- 
nomena of  the  kind  here  referred  to  and,  with  a  number  of  his 
students,  has  studied  many  such  experimentally  and  the  re- 
sults have  been  recorded.  Apparently  the  articles  embodying 
these  results  are  unknown  to  the  author  of  the  book. 

The  translation  is  smooth  and  readable.  i.  R. 
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CONTRIBUTION  TO   THE  QUESTION  OF   THE  CON- 
STITUTION OF  ABIETIC  ACID. 

By  H.  Endemann. 

The  relation  between  abietic  acid  and  reten  was  first  con- 
sidered by  Tschirch  and  Studer/  who  presented  the  following 
formula  : 

CH,  •       CH,  V 

HOC 


CH,C 


CH, 

According  to  this,  abietic  acid  should  contain  2  hydroxyl 
groups  and  not  i  carboxyl  group,  as  was  formerly  believed  to  be 
the  case.  The  position  of  the  methyl  groups  is,  confessedly, 
arbitrary.     However,  the  chief  object  of  the  two  workers  was 

1  Centrbl.,  1903,  ii,  1179. 
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to  call  attention  to  the  relationship  between  reten  and  abietic 
acid  ;  they  did  not  offer  any  experimental  facts  but  pointed  out 
that  the  fossil  resin  reten  is  found  in  the  soil  of  ancient  pine 
forests. 

A.  Vesterberg'  went  one  step  further  and  prepared  reten 
from  abietic  acid,  by  distillation  with  sulphur. 

Both  results  point,  therefore,  to  a  relation  between  abietic 
acid  and  reten  or  another  phenanthrene  derivative,  but  it  is,  at 
present,  by  no  means  certain,  even  in  the  light  of  my  own  re- 
sults, whether  the  third  ring  of  the  phenanthrene  nucleus  is 
originally  present  or  whether  it  has  not  been  formed  from  two 
aliphatic  chains  during  the  long  period  of  time  required  for 
the  production  of  reten  in  the  soil,  or  even  during  the  violent  re- 
action with  the  sulphur  in  the  retort.  For  the  present  I  will 
formulate  my  results  in  accordance  with  the  current  views. 

Abietic  Acid  Contains  One  Carhoxyl  Group. 

Abietic  acid  heated  at  i6o°,  in  a  sealed  tube,  with  excess  of 
acetic  anhydride,  produces  an  oil,  which  can  be  freed  from 
acetic  acid  and  anhydride  by  protracted  treatment  with  water, 
in  which  the  oil  is  insoluble. 

This  oil  is  then  saponified  by  alcoholic  potassium  hydroxide 
and  the  resulting  product  distilled  with  phosphoric  acid  and 
steam,  in  the  apparatus  previously  described  by  me,^  to  re- 
cover the  combined  acetic  acid. 

Under  the  conditions  of  the  experiment  abietic  acid  is 
slightly  volatile  and  it  became  necessary,  therefore,  to  deter- 
mine the  acid  value  of  this  portion,  which  was  accomplished 
by  several  blank  experiments.  Deducting  the  value  so  ob- 
tained, it  was  found  that  i  gram  of  abietic  acid  combined  with 
acetyl  sufficient  to  form  0.207  gram  of  acetic  acid,  i.  e.,  for  i 
molecule  of  abietic  acid  i  molecule  of  acetic  acid  was  obtained. 

This  points  conclusively,  therefore,  to  the  assumption  that 
abietic  acid  is  really  an  acid  and  does  not  contain  2  hydroxyl 
groups  as  Tschirch  and  Studer  state. 

'  Ber.  d.  chem.  Ges.,  36,  4200  (1903). 

'  Industrial  Record,  1875.    American  Chemist,  February,  1876. 
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Oxidation  of  Abietic  Acid  by  Permanganic  Acid  in  Acid  Solu- 
tion. 

Abietic  acid  has  been  treated  with  oxidizing  agents  before, 
but  usually  the  result  has  been  a  more  or  less  far-reaching  de- 
composition. Thus  it  is  stated  that  abietic  acid  yields,  with 
potassium  permanganate,  carbon  dioxide,  formic  and  acetic  acids, 
while  with  chromic  acid  the  product  is  chiefly  acetic  acid  with 
some  trimellitic  acid. 

Potassium  permanganate,  in  strongly  alkaline  solution,  acts 
less  vigorously,  so  that  by  this  means  Mach  obtained  an  acid 
with  the  formula  CioHj^Oj,  which  also  indicates  an  extensive 
resolution  of  the  original  molecule. 

Working  in  an  acid  solution,  it  was  ascertained  that,  under 
certain  conditions,  products  of  deSnite  composition  could  be 
obtained  with  less  decomposition  of  the  original  compound.  Ten 
parts  of  abietic  acid  are  converted  into  the  sodium  salt,  by  heat- 
ing with  the  requisite  quantity  of  sodium  hydroxide  solution. 

Fifteen  parts  of  potassium  permanganate  are  dissolved  in  so 
much  water  that,  on  cooling  with  ice,  the  salt  remains  in  solu- 
tion ;  an  equivalent  amount  of  sulphuric  acid  is  then  added. 

The  abietic  acid  solution  is  diluted  to  approximately  the 
same  volume  as  the  permanganate  solution,  the  two  are 
thoroughly  cooled  with  ice  and  then  quickly  mixed.  The 
mixture  at  first  becomes  quite  thick,  owing  to  the  separation 
of  abietic  acid,  but  it  speedily  becomes  more  mobile  and 
manganese  peroxide  separates. 

The  quantity  of  ice  in  this  solution  should  be  ample  to  keep 
the  mixture  cold  for  some  time,  for  heat  is  evolved  during  the 
reaction.  The  mixture  is  allowed  to  stand  until  the  perman- 
ganic acid  is  completely  reduced. 

Sodium  carbonate  or  hydroxide  is  now  added,  in  slight  ex- 
cess and  the  whole  is  heated  to  boiling.  The  insoluble  man- 
ganese oxides  are  filtered  and  the  solution  is  evaporated. 

When  suflBciently  concentrated,  acid  causes  the  precipitation 
of  a  resinous  mass.  On  concentrating  the  supernatant  liquid 
more  of  this  resin  is  obtained.     During  the  evaporation  the 
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solution  emits  an  odor  resembling  that  of  the  lower  fatty 
acids. 

The  resinous  precipitate  has  a  very  decidedly  bitter  taste 
and  was  found  to  consist  of  two  acids,  which  may  be  separated 
by  their  own  varj'ing  solubility  and  by  that  of  their  salts. 

An  incomplete  separation  may  be  made  by  treating  the  mass 
with  benzene,  which,  if  not  in  too  large  excess,  will  dissolve 
one  constituent  almost  wholly,  this  has  a  very  intensely  bitter 
taste  ;  the  residue  contains  another  acid  less  bitter  than  the 
first. 

The  more  soluble  compound  is  completely  separated  from 
the  residue  by  boiling  it  with  barium  hydroxide,  in  excess, 
cooling  and  filtering.  The  filtrate  is  then  concentrated  on  the 
water-bath  ;  when  the  salt  commences  to  separate  on  the  sur- 
face, the  liquid  is  allowed  to  cool,  again  filtered  and  finally 
evaporated  to  dryness.  This  yields  the  barium  salt  of  the 
acid  less  soluble  in  benzene. 

The  same  acid  may  also  be  obtained,  practically  free  from 
the  other,  by  extracting  the  resinous  precipitate  repeatedly 
with  benzene,  dissolving  the  residue  in  alkali,  boiling  to  re- 
move all  benzene  and  then  reprecipitating  the  free  acid.  This 
removal  of  benzene  by  boiling  is  necessary,  because  the  acid, 
although  very  sparingly  soluble  in  benzene,  is  itself  a  good 
solvent  for  the  latter,  which  it  retains  tenaciously.  This  af- 
finity for  solvents  is,  perhaps,  the  reason  why,  from  most 
media,  I  did  not  succeed  in  obtaining  the  acid  in  a  crystalline 
state.  It  may,  however,  be  obtained  in  small  crystals  by 
the  slow  evaporation  of  its  aqueous  solutions,  the  most  favora- 
ble condition  being,  apparently,  alow  temperature.  The  crys- 
tals generally  form  arborescent  masses. 

Other  solvents  such  asepichlorhydrin,  certain  esters,  chloro- 
form, carbon  tetrachloride,  or  carbon  disulphide,  leave  the  acid  in 
an  amorphous  state,  probably  for  the  reason  given  above. 
Prolonged  heating,  at  temperatures  much  above  the  boiling- 
points  of  the  solvents,  was  necessary  in  order  to  remove  the  last 
traces  of  them  from  the  acid.  Acetone  leaves  the  pure  acid 
microcrystalline.  Strong  alcohol  cannot  be  used  as  a  solvent 
because  the  acid  fxi^prify<t  ^^rry  rfwr-^ily.  evcn  at  the  ordinary 


/^G^^ 
t 


Constitution  of  Ahietic  Acid.  527 

temperature.  This  is  evident  from  the  fact  that  an  alcoholic 
solution  requires  less  and  less  sodium  hydroxide  for  neutraliza- 
tion the  longer  it  is  allowed  to  stand.  Two  hours,  at  the  ordinary 
temperature,  aresufl&cient  to  raise  the  apparent  equivalent  of  the 
acid  50  per  cent.  An  acetone  solution,  however,  can  be  used  for 
the  purpose  of  determining  the  equivalent  of  the  acid  acidi- 
metricall)'.  The  acid  is  insoluble  in  petroleum  ether  and  may 
be  precipitated  from  the  solutions  of  such  solvents  as  will  mix 
with  petroleum  ether  and  be  freed  from  the  other  solvents  and 
unchanged  abietic  acid,  by  treating  with  petroleum  ether,  in  a 
Soxhlet  apparatus. 

The  second  acid  is  also  insoluble  in  petroleum  ether,  but 
both  dissolve,  to  some  extent,  particularly  if  the  petroleum  ether 
contains  resins  in  solution  and  also  in  the  presence  of  terpenes,  or 
fatty  substances.  After  being  precipitated  and  washed  in  a 
Soxhlet  apparatus  for  a  considerable  time,  by  petroleum  ether, 
the  acid  forms  a  non-caking,  sandy  mass. 

The  bases  with  which  the  acid  was  combined  are  removed 
only  with  difficulty.  After  drying  in  air  it  melts  at  80°  and 
loses  iHjO,  after  which  it  melts  at  iii°-ii3°. 

Analysis  : 

0.1673  gram  substance  gave  0.4189  gram  COj  =  68.29  P^^ 
cent  carbon. 

0.1673  gram  substance  gave  0.1275  gram  H^O  =  8.54  per 
cent  hydrogen. 

This  agrees  quite  well  with  an  acid  of  the  formula  CuHj^O^. 
The  specimen  was  not  entirely  free  from  ash. 

The  average  composition,  deduced  from  6  analyses  of  subse- 
quent preparations,  was  : 

Calculated  for 

Ci6Hn404.  Found. 

C  68.57  68.59 

H  8.64  S.56 

This  substance  has,  therefore,  been  produced  from  abietic 
acid  by  the  elimination  of  the  group  C3H4  and  the  addition  of 
Oj.  It  is  a  dibasic  acid,  with  the  equivalent  =  139  (theory 
140)  as  determined  by  titration  in  acetone  solution  ;  this  cor- 
responds to  the  molecular  weight  280,  for  the  formula  CjgHj^O^. 
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It  forms  an  oily  diacetyl  compound,  which  was  examined  for 
acetic  acid. 

In  boiling  alcoholic  solution  the  acid  gives  a  precipitate 
with  lead  acetate.  The  percentage  of  lead  in  these  precipi- 
tates, even  when  they  were  made  from  the  same  preparation  is, 
however,  not  constant,  perhaps  because  the  acid  has  a  great 
affinity  for  alcohol  and  forms,  in  part,  an  ester  acid,  the  lead 
salt  of  which  may,  therefore,  be  present  in  the  neutral  lead 
salt.  The  formula  CigH^jO^Pb  required  42.68  per  cent  of  lead. 
The  values  obtained  were  :  41.40,  39.04,  36.69  and  36.4. 

The  acid,  separated  from  the  lead  by  hydrogen  sulphide, 
always  contains  much  sulphur  and  this  method  can,  therefore, 
not  be  recommended  for  purification. 

The  acid  is  freely  soluble  in  baryta  water,  even  in  the  ratia 
I  molecule  barium  hydroxide  :  2  molecules  of  the  acid.  If  this 
solution  is  boiled,  a  precipitate  is  formed,  but  if  it  is  al- 
lowed to  evaporate  spontaneously  it  drys  to  a  gummy  mass. 

If  excess  of  barium  hydroxide  is  used,  i.  e.,  more  than  i 
molecule  :  i  molecule  of  the  acid  and  the  solution  is  boiled,  no- 
precipitate  is  formed  even  after  the  excess  of  barium  hydrox- 
ide has  been  removed.  On  slow  evaporation  crystals  of  the 
salt  separate.  They  appear,  under  the  microscope,  as  short 
columns,  aggregating  to  arborescent  masses.  This  salt,  after 
drying  at  90°-95°,  lost  3H2O  at  105°.  It  contains  33.06  Ba 
(33.07  calculated). 

The  second  acid  formed  is  found  in  the  benzene  solution, 
together  with  some  of  the  first  acid.  It  contains  i  oxygen 
atom  less  than  the  latter,  i.  e.,  it  contains  the  aldehyde  group 
CHO  in  the  place  of  COjH.  Using  the  proportions  of  abietic 
acid  and  permanganic  acid  given  above,  it  is  the  predominant 
product.  It  speedily  reduces  alkaline  solution  of  a  silver  salt 
and  also  gives  the  aldehyde  reaction  with  Schiff's  reagent. 
The  barium  salt  is  difl&cultly  soluble  and  may  be  used  for  the 
purification  of  the  acid.  The  lead  salt  is  soluble  in  alcohol,  if 
it  is  prepared  in  boiling  alcoholic  solution,  as  described  above. 

For  final  purification  the  free  acid  is  dissolved  in  benzene, 
precipitated  and  finally  washed  with  petroleum  ether,  in  a 
Soxhlet   apparatus.     The   acid   is  generally   obtained   in   an- 
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amorphous  state,  the  reason  being,  probably,  the  same  as  in  the 
case  of  the  other  acid.  From  acetone  solution  it  is  deposited  as  a 
crystalline  mass.  I  have  not  been  able  to  obtain  crystalline  salts 
of  this  acid  and  yet  it  is  a  chemical  individual,  for  the  analyses 
invariably  show  the  uniformity  of  the  material  and  fractional 
precipitations  do  not  exhibit  such  discrepancies  as  would  sug- 
gest a  mixture. 

The  dicarboxylic  acid  first  described  is  quite  soluble  in 
water,  indeed  the  resinous  acid,  which  is  recovered  by  the 
evaporation  of  the  solution  from  which  the  crude  mixture  of 
the  resins  had  been  precipitated,  is  almost  all  dicarboxylic 
acid. 

The  aldehyde  acid  is  quite  sparingly  soluble  in  water  and 
stands  about  midway  between  the  dicarbox5dic  acid  and  abietic 
acid,  which  is  not  absolutely  insoluble. 

For  analysis  the  acid  was  dried  at  100°,  even  at  this  tem- 
perature anhydride  seems  to  form,  though  to  a  very  limited 
extent. 

Calculated  for  Found. 

C16H24O3.  I.  II. 

C  72.66  72.72  72.95 

H  9.17  9.00  9.01 

The  acid,  dried  at  105°  for  several  hours,  gave  : 

Calculated  for 
anhydride.  Found. 

C  75.36  74.11 

H  9. II  9.15 

The  equivalent  of  the  acid  was  ascertained  by  titration  in 
acetone.  Its  melting-point  is  very  easily  affected  by  impuri- 
ties.    When  highly  purified  it  melts  at  188°. 

From  the  above  results  it  follows  that  abietic  acid  contains 
a  side  chain  C^H^,  constituted  as  .CH  :  CJrl^.  Under  the  in- 
fluence of  an  oxidizing  agent  the  double  bond  is  resolved  and 
the  CH  becomes  first  CHO  then  CO,H. 

For  the  complex  CgH^  three  groupings  are  possible,  viz.  : 

/CH,        — CH\ 
>C<;   I      ,  I      >CH„         >CH.CH  :  CH,. 

^CH,        — CH/ 
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Recently,  Tschirch  and  Studer  have  stated  that  they  have 
been  able,  after  much  labor,  to  separate  three  abietic  acids,  a, 
/8  and  y,  of  which  the  last  two  have  a  tendency  to  pass  into 
the  a.' 

The  most  unstable  would  be  :  CH.CH  :  CH^  and  it  could 
easily  be  understood  how,  under  the  influence  of  heat,  it  could 
condense  into  either  of  the  other  two,  while  it  is  less  likely 
that  these,  when  once  formed,  should  change  their  constitu- 
tion spontaneously. 

However  this  may  be,  if  there  are  three  so  nearly  related  I 
should  think  that  commercial  rosin  contains  all  three  group- 
ings. 

In  order  to  verify  still  further  the  above  results  and  conclu- 
sions, I  have  attempted  to  ascertain  what  had  become  of  the 
group  CjH^,  which  had  been  eliminated  from  the  abietic  acid. 
Starting  with  abietic  acid,  which  had  been  prepared  by  satura- 
ting an  alcoholic  solution  of  rosin  with  hydrochloric  acid  and 
collecting  the  crystallized  acid,  I  oxidized  in  the  manner  de- 
scribed above  and  used  the  mother-liquor  from  the  precipita- 
tion of  the  crude  acids.  This  was  concentrated  and  the 
sulphates  allowed  to  crystallize.  The  syrupy  residue  was  then 
examined  for  a  possible  compound.  After  a  series  of  unsuc- 
cessful experiments  it  was  found  that,  when  calcium  chlo- 
ride was  added  in  excess  and  the  calcium  sulphate  filtered  oflf, 
a  copious  precipitate  was  formed  by  boiling  the  filtrate. 
This  was  thoroughly  washed  and,  after  drying,  was  found  to 
contain  31.12  per  cent  calcium  oxide.  The  calcium  salt  was 
suspended  in  water  and  oxalic  acid  added  equivalent  to 
the  calcium  found.  The  filtered  liquid  was  then  evaporated  to 
dryness  and  the  residue  extracted  with  ether.  On  spon- 
taneous evaporation,  long  needles  of  the  acid  were  deposited. 

From  the  percentage  of  calcium  in  the  precipitate  it  was  sur- 
mised that  the  acid  thus  formed  was  malonic  acid.  In  order 
to  verify  this,  it  was  converted  into  the  diacetyl  compound, 
which  was  heated,  for  some  time,  in  a  paraflSn-bath,  somewhat 
above    100°.     The   residue   became   yellow  and   dissolved  in. 

1  Centrabl.,  1903,  ii,   1178. 
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acetic  acid,  giving  a  yellow  solution  possessing  the  characteris- 
tic yellowish-green  fluorescence.     The  acid  is,  therefore,  ma- 

— CHv 
Ionic  acid  and  is  produced  from  the  nucleus  /CHj  pres- 

— CH^ 

CHO.v 
ent  in  the  crystallizable  acid  and  forming  /CHj. 

CHO/ 

Using  commercial  rosin,  malonicacid  is  likewise  formed,  but 
in  smaller  quantity.  If  more  permanganate  is  employed  than 
above  stated,  the  malonic  acid  may  disappear  entirely,  which 
shows  that  malonic  acid  is  destroyed  by  free  permanganic  acid. 

A  blank  experiment  with  malonic  acid  showed  it  to  be  easily 
oxidized  by  free  permanganic  acid.  The  decomposition  is  ac- 
companied by  the  evolution  of  carbon  dioxide.  The  reaction 
was  not  followed  further,  but  besides  malonic  acid  there  are 
formed  : 

1 .  Syrupy  acids. 

2.  An  aromatically  odoriferous,  neutral  substance.  As  yet, 
none  of  these  have  been  identified. 

3.  A  volatile  acid,  to  the  extent  of  about  2  per  cent,  which 
consists,  in  part,  of  acrylic  acid.  (Ready  absorption  of  bro- 
mine with  formation  of  a  bromine  addition-product,  crystal- 
lizing in  large  hexagonal  plates. )  When  known,  these  will 
lead  eventually  to  the  constitution  of  the  isomeric  acids,  by  de- 
termining the  position  of  the  atoms  in  the  group  CgH^. 

I  consider  it  possible  that  the  rosin  in  turpentine,  as 
obtained  in  nature,  contains  the  group  :  CH.CH  :  CH^,  which 
would  form  acrylic  acid  and  that  the  subsequent  treatment, 
necessary  for  the  production  of  commercial  terpene  and  rosin, 
causes  a  condensation  of  this  group  into  the  one  forming  ma- 
lonic acid,  another  one  perhaps  forming  a  ketone  : 

O  :  C/    I       . 

I  am  not  prepared,  as  )'et,  to  discuss  these  questions,  but  ex- 
pect to  do  so  later.     Considering,  now,  the  bearing  of  this  in- 
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vestigation  upon  the  formula  of  abietic  acid  and  accepting  the 
general  opinion  that  abietic  acid  is  a  reten  derivative,  the  for- 
mula must  be  written  as  follows  : 


CH, 


CH, 


CH, 


CH,      ^Ch/ 


CH, 


The  positions  which  I  have  selected  for  these  two  side  chains 
are  such  as  to  indicate  the  relation  of  the  acid  to  reten  and 
they  agree  with  its  formula,  as  determined  by  Bamberger  and 
Hooker.  The  acid  would  be,  therefore,  a  derivative  of  a  fully 
hydrogenated  phenanthrene,  wherein  i  atom  of  hydrogen  is  re- 
placed by  the  carboxyl  group  and  i  by  the  group  C^H^. 

On  this  assumption  the  two  resin  acids  formed  would  be  tetra- 
decahydrophenanthrenal  carboxylic  acid,  CigHj^Oj,  and  tetra- 
decahydrophenanthrenedicarboxylic  acid,  CjgHj^O^.  Acids  of 
the  formula  C^oHj^Oj  would,  perhaps,  have  the  side  chain  C^H^ 
and  form  propionic  acid  by  oxidation.  During  the  first  stages 
of  their  production  these  acids  are  only  partly  in  the  free  state. 
Another  portion  is  in  the  form  of  a  mixed  anhydride,  from 
which  the  free  acids  are  produced  by  hydrolysis,  whereby,  on 
the  one  hand,  the  resinous  acids  described  are  formed  and,  on 
the  other  hand,  malonic  acid  etc. 

The  possibility  that  abietic  acid  is,  perhaps,  not  quite  so 
closely  related  to  phenanthrene  and  that  all  the  rings  given  in 
the  formula  were  not  originally  present,  but  that  open  chains, 
such  as 
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CH, 


CjHg     C2H5 


or 


a^c 


■CM- 


^QjUL  inAJoX(h    S/.'^H  p.   IcZS 


were  present,  makes  it  necessary  to  consider  the  possible  exis- 
tence of  a  double  bond  between  two  of  the  carbon  atoms. 

Abietic  acid  is  not  very  well  adapted  for  the  investigation  of 
this  point  because  a  double  bond  exists  in  the  side  chain,  but 
this  is  not  the  case  with  the  dicarboxylic  acid.  This  dibasic  acid 
is  dissolved  in  chloroform  and  excess  of  bromine  added  (3  :  2 
by  weight).  After  2  days'  standing  in  the  cold,  the  hydrobromic 
acid  which  has  been  formed  is  shaken  out  with  water  and  de- 
termined, while  the  acid  in  the  chloroform  is  recovered  by 
evaporation. 

It  was  found  that,  for  2  atoms  of  bromine  which  had  com- 
bined with  the  dicarboxylic  acid,  4  molecules  of  hydrobromic 
acid  had  been  formed.  The  reaction,  therefore,  was  not  only 
one  of  substitution  but  also  one  of  condensation  between  two 
carbon  atoms,  now  connected  by  a  double  bond  : 


C- 


-C 


gave 


Br 
C= 


Br 


This  experiment  is  not  absolutely  convincing,  but,  so  far,  no 
facts  have  been  brought  out  incompatible  with  the  formula  pre- 
sented. 

The  many  peculiarities  in  reactions  and  properties  of  the  sub- 
stances derived  from  rosin,  must  strike  all  those  familiar  with 
them,  as  presenting  decided  similarities  and  suggesting  a  close 
relationship  to  the  bitter  principles  from  hops.  This  is  also 
observed  in  their  action  as  preservatives,  especially  when  the 
destruction  of  the  organisms  of  acetic  and  lactic  fermentations 
are  concerned.  Humulic  acid  and  my  dicarboxylic  acid  diflfer 
in   composition   by  CH^,  suggesting  the  presence  of  a  pen- 
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tane  ring  with  i   double  bond,  already  demonstrated,'  in  the 
place  of  a  hexane  ring.     On  this  I  shall  report  later. 

In  conclusion  I  wish  to  state  that  I  have  been  very  indus- 
triously helped  in  these  investigations  by  my  assistant,  Mr. 
John  W.  Paisley,  who  deserves  my  sincere  thanks. 


Since  writing  the  above  I  have  noticed  a  paper  by  T.  H. 
Easterfield  and  G.  Bagley.^in  which  they  also  formulate  abietic 
acid  as  a  decahydrophenanthrene  derivative,  but  with  two 
double  bonds,  two  of  the  hydrogen  atoms  being  replaced  by 
methyl  and  isopropyl.  In  all  cases  the  assumption  of  the 
presence  of  these  groups  is  based  upon  the  reten  formula,  in 
which  their  presence  has  been  recognized. 

According  to  my  investigation  these  groups  are  not  origi- 
nally present  in  abietic  acid,  but  must  be  considered  as  being 
formed  from  the  side  chains,  by  the  action  of  reducing  agents 
and  abietic  acid  itself  must  be  considered  as  a  tetradecahydro- 
butenylphenanthrenecarboxylic  acid. 


THE    APPROXIMATE    COMPOSITION    OF   THE    HY- 
DRATES   FORMED   BY    CERTAIN   ELECTRO- 
LYTES IN  AQUEOUS  SOLUTIONS  AT 
DIFFERENT      CONCENTRA- 
TIONS. 

[tenth  communication.] 

By  Harry  C.  Jones  and  H.  P.  Bassett. 

Nine  papers'  have  already  been  published  by  Jones  and  his 
co-workers  in  this  laboratory,  on  the  combination  of  solvent 
and  dissolved  substance  in  solution.  In  this,  the  tenth  paper, 
the  approximate  composition  of  the  hydrates,   formed  by  a 

'  Lintner  and  Schnell :  Centrabl.,  1904,  i,  1227. 

-  J.  Chem.  Soc,  85,  1238  {1904). 

3  Jones  and  Chambers:  This  Journal,  23,  189  (1900).  Chambers  and  Frazer  : 
Ibid.,  33,  512  (1900).  Jones  and  Getman  :  Ibid.,  27,  433  (1902).  Jones  and  Getman  :  Z. 
physik.  Chem.,  46,  244  (1903);  Phys  Rev.,  18,  146  (1904).  Jones  and  Getman  :  This 
Journal,  31,  303  (1904).  Jones  and  Getmau  :  Z.  physik.  Chem.,  49,  385  {1904).  Jones 
and  Getman:  Ber.  d.  chem.  Ges.,  37,  151 1  (1904I.  Jones  and  Getman  :  This  Journal, 
33,  308  (1904).    Jones  and  Getman  :  /bid,,  32,  308  (1904). 
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number  of  electrolytes  in  water,  at  different  concentrations,  is 
calculated. 

In  an  earlier  paper  Jones  and  Getman^  pointed  out  a  relation 
between  the  lowering  of  the  freezing-point  produced  by  electrolytes 
and  their  water  of  crystallization.  This  relation  was  shown  to 
hold  for  a  large  number  of  chlorides,  bromides,  iodides  and  ni- 
trates. Indeed,  for  about  40  electrolytes  with  larger  and 
smaller  quantities  of  water  of  crystallization.  The  discovery 
of  this  relation  confirmed  us  in  the  conclusion,  reached  much 
earlier  by  one  of  us, ^  that  the  abnormal  freezing-point  results 
produced  by  the  electrolytes,  especially  in  concentrated  solu- 
tions, was  due  to  a  combination  between  the  solvent  and  the 
substance  dissolved  in  it. 

Indeed,  this  conclusion  seems  to  be  almost  a  necessary  con- 
sequence of  the  above  relation.  If  hydrates  are  present  in  such 
solutions,  those  substances  that  form  the  most  complex  hydrates  in 
solution  would  be  the  substances  that  would  crystallize  from  solu- 
tion with  the  largest  amounts  of  water.  This  is  the  same  as  to 
say  that  those  substances  which,  in  solution,  have  the  greatest 
power  to  combine  with  water,  would  be  the  ones  that  would 
bring  with  them  the  largest  amounts  of  water  out  of  solution. 

We  should,  however,  not  expect  the  two  phenomena  to  be 
exactly  proportional  to  one  another,  because  the  actual  shape 
of  the  molecules  which  build  up  the  crystal  would  also  be  a 
conditioning  factor  in  determining  the  exact  number  of  mole- 
cules of  water  with  which  any  given  substance  would  crystal- 
lize. 

The  best  we  could  hope  to  discover  would  be  a  general, 
qualitative  relation  between  the  lowering  of  the  freezing-point 
and  the  water  of  crystallization.  That  such  a  relation  actually 
exists  can  be  seen  by  consulting  Figs.  I.  to  IV. 

The  data  that  are  incorporated  in  these  curves  have  already 
been  published.' 

In  Fig.  I.,  the  results  that  have  been  obtained  for  the 
various  chlorides,  are  plotted,  as  far  as  could  be  done  on  one 
sheet,  without  undue  crowding.     The  abscissae  are  concentra- 

1  Z.  physik.  Chetn.,  49,  385  (1904). 

2  Jones  :  This  Journal,  33,  89  (1900). 

3  Ibid.,  31,  303  (1904).    Z.  physik.  Chem.,  46,  244  (1903)  ;  49,  385  (1904). 


536 


Jones  and  Bassett. 


tions  expressed  as  gram-molecular  normal,  the  ordinates  are 
molecular  lowerings  of  the  freezing-point.     The  chlorides  of 


Fig.  I. 

sodium,  potassium  and  ammonium,  which  crystallize  without 
water,  give  the  smallest  lowering  of  the  freezing-point. 

The  chloride  of  lithium,  with  2  molecules  of  water  of  crys- 
tallization, gives  considerably  greater  lowering  of  the  freezing- 
point  of  water  than  the  chlorides  which  have  no  water  of  crys- 
tallization. 
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When  we  pass  to  barium  chloride,  which  contains  2  mole- 
cules of  water  of  crystallization,  it  gives  a  greater  lowering  of 
the  freezing-point  than  lithium  chloride,  with  the  same  amount 
of  water  of  crystallization.  It  must,  however,  be  remembered 
in  this  connection  that  lithium  chloride  is  a  binary  electrolyte, 
yielding  only  2  ions,  while  barium  chloride  is  a  ternary  elec- 
trolyte— each  molecule  dissociating  into  3  ions. 

Strontium,  calcium  and  magnesium  chlorides  all  crystallize 
with  6  molecules  of  water  and  all  give  freezing-point  lowerings 
of  the  same  order  of  magnitude. 


Fig.  II. 


Aluminium  and  ferric  chlorides  contain  6  molecules  of  crys- 
tal water,  yet  they  show  much  greater  lowering  than  the  ternary 
chlorides  with  6  molecules  of  water  of  crystallization.     This  is 
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to  be  accounted  for  by  the  fact  that  the  chlorides  of  iron  and 
aluminium  are  quarternary  electrolytes — each  molecule  disso- 
ciating into  4  ions. 

Turning  to  Fig.  II.,  relations,  similar  to  those  pointed  out 
above,  are  seen  to  exist  for  the  bromides.     Sodium  bromide, 


Fig.  III. 


unlike  sodium'^chloride,  crystallizes  with  2  molecules  of  water. 
It  falls  considerably  above  potassium  bromide,  just  as  we  should 
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expect  it  to  do.  lyithiura  bromide,  with  3  molecules  of  crystal 
water,  occupies  a  still  higher  position  in  the  figure.  Passing 
to  the  ternary  bromides,  barium  bromide,  with  2  molecules  of 
water  of  crystallization,  shows  greater  lowering  than  the 
binary  electrolyte,  lithium  bromide,  as  we  should  expect,  it 
also  gives  considerably  smaller  lowering  of  the  freezing-point 
than  strontium,  calcium  and  magnesium  bromides,  each  with  6 
molecules  of  water  of  crystallization. 

Relations  of  an  exactly  similar  character  are  shown  by  Fig. 
III.,  for  the  iodides. 

The  results  plotted  in  Fig.  IV.,  for  the  nitrates,  present  cer- 


Fig.  IV. 


tain  features  of  special  interest.     The  nitrates  without  water 
of  crystallization,  sodium,  ammonium  and  potassium,  give  the 
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smallest  lowerings  of  the  freezing-point.  Lithium  nitrate, 
with  2  molecules  of  crystal  water,  gives  considerably  greater 
lowering  than  the  alkali  nitrates. 

Calcium  nitrate  crystallizes  with  4  molecules  of  water  and 
occupies  a  position  in  the  figure  about  midway  between  the 
alkali  nitrates  without  crystal  water  and  a  number  of  nitrates, 
each  with  6  molecules  of  water  of  crystallization.  Manganese 
nitrate,  of  all  the  nitrates  studied,  gives  smaller  lowerings  than 
we  should  expect.  We  have  repeated  the  experiments  with 
this  substance,  to  see  if  some  error  has  not  found  its  way 
into  this  part  of  the  work. 

The  nitrates  of  a  number  of  metals,  each  containing  6 
molecules  of  water  of  crystallization,  give  lowerings  of  the 
freezing-point  of  the  same  order  of  magnitude  and  the  curves 
for  these  substances  fall  very  closely  together  on  the  figure. 

The  nitrates  of  aluminium,  iron  and  chromium  are  of  special 
interest,  in  that  these  substances  contain  more  water  of  crystal- 
lization than  any  others  thus  far  studied  in  this  work.  They 
not  only  show  much  greater  lowering  of  the  freezing-point 
than  the  nitrates  with  6  molecules  of  crystal  water,  but  show  a 
greater  lowering  of  the  freezing-point  of  water  than  any  other 
salts  which  we  have  thus  far  investigated.  A  careful  study 
of  this  nitrate  diagram,  alone,  will  show  an  unmistakable  re- 
lation between  the  lowering  of  the  freezing-point  and  the  water 
of  crystallization  possessed  by  the  salts  in  question. 

Relations  such  as  those  pointed  out  above,  between  different 
salts  of  the  same  acid,  are  all  that  could  reasonably  be  expected 
to  exist.  Certain  relations,  however,  of  interest  and  impor- 
tance in  this  connection,  are  found  between  the  salts  of  different 
acids. 

If  we  compare  the  results  plotted  in  curves  in  Figs.  I.  to  IV. , 
for  the  chlorides,  bromides,  iodides  and  nitrates,  we  shall  find 
abundant  evidence  bearing  on  the  relation  between  freezing- 
point  lowering  and  water  of  crystallization. 

Take  those  chlorides,  bromides,  iodides  and  nitrates  which 
crystallize  without  water  ;  they  all  show  a  molecular  lowering 
of  between  3  and  4  and  this  increases  very  slightly,  if  at  all, 
with  the  concentration. 
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As  far  as  the  comparison  can  be  carried,  lithium  chloride, 
with  2  molecules  of  water,  gives  less  lowering  than  lithium 
bromide  or  lithium  iodide,  with  3  molecules  of  water  and  just 
about  the  same  lowering  as  lithium  nitrate  with  2  molecules  of 
water  of  crystallization. 

lyithium  bromide,  with  3  molecules  of  water,  gives  just  about 
the  same  lowering  as  lithium  iodide,  which  has  the  same 
amount  of  water  of  crystallization. 

Sodium  bromide,  with  2  molecules  of  water,  gives  very 
nearly  the  same  lowering  as  sodium  iodide,  which  has  the 
same  number  of  molecules  of  water  of  crystallization. 

Barium  chloride  has  the  same  number  of  molecules  of  water 
of  crystallization  as  the  bromide  and  iodide.  Since  barium 
chloride  has  only  a  slight  solubility  in  water,  comparison  of 
freezing-point  lowerings  must  be  limited  to  dilute  solutions. 
The  freezing-point  lowerings  of  the  three  salts  are  just  about  the 
same  in  the  dilute  solutions,  although  in  the  more  concentra- 
ted solutions  the  iodide  shows  greater  lowering  than  the  bro- 
mide. 

If  we  compare  the  chlorides,  bromides  and  iodides  of  the 
alkaline  earths,  which  contain  each  6  molecules  of  water  of 
crystallization,  we  shall  find  that  the  lowerings  of  the  freezing- 
point  produced  by  them  are  all  of  the  same  order  of  magnitude. 
We  shall,  however,  see  that  the  bromides  give  somewhat 
greater  lowering  than  the  chlorides  and  the  iodides  even 
greater  lowering  than  the  bromides. 

As  far  as  comparisons  can  be  made,  it  seems  that  the  ni- 
trates produce  about  the  same  lowerings  as  the  corresponding 
chlorides  with  an  equal  number  of  molecules  of  water  of  crys- 
tallization and,  therefore,  somewhat  less  than  the  correspond- 
ing bromides  and  iodides. 

The  quarternary  chlorides  of  aluminium  and  iron  cannot  be 
compared,  at  present,  with  respect  to  their  freezing-point  lower- 
ing, with  the  corresponding  bromides  and  iodides,  because  the 
latter  have  not  yet  been  investigated,  but  they  will  be  studied 
as  soon  as  possible. 

A  comparison  of  the  lowerings  produced  by  the  chlorides  of 
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iron  and  aluminium,  containing  6  molecules  of  crystal  water, 
with  thenitratesof  the  same  metals  which  have  a  larger  amount 
of  water  of  crystallization,  will  show  a  somewhat  greater  lower- 
ing, at  the  same  concentrations,  produced  bj'  the  nitrates. 

Thus,  relations  between  the  lowering  of  the  freezing-point  of  '     ^ 
water  produced  by  salts  and  their  water  of  crystallization,  come(  -S-  ^ 
out  on  every  hand,  whether  we  compare  the  salts  of  a  given  acid 
with  different  metals,  or  the  salts  of  the  same  metal  with  different 
acids. 

This  line  of  evidence,  together  with  several  others  already 
pointed  out  in  earlier  papers,  confirms  us  in  the  belief  of  the 
correctness  of  the  theory,  advanced  by  one  of  us,'  to  account 
for  the  abnormally  great  depressions  of  the  freezing-point  of 
water,  produced  by  electrolytes,  viz.,  that  in  solution  the  dis- 
solved substance  is  in  combination  with  a  part  of  the  solvent ;  the 
amount  of  the  solvent  held  in  combination  by  the  dissolved  sub- 
stance being  a  function  of  the  concentration  of  the  solution  ;  in 
general,  increasing  with  increase  in  concentration. 

In  earlier  papers^  attempts  were  made  to  calculate  the  ap- 
proximate composition  of  the  hydrates  formed  by  a  number  of 
substances  at  difi"erent  dilutions.  As  was  pointed  out,  this  is 
not  an  easy  matter  for  several  reasons,  especially  on  account  of 
the  difficulty  of  determining  the  dissociation  in  the  more  con- 
centrated solutions.  A  number  of  the  substances  already 
studied  undergo  marked  hydrolysis  in  dilute  solution,  so  that 
it  is  impossible  to  determine  the  value  of  jnoo  in  the  usual  way, 
by  the  conductivity  method.  A  method,  which  would  proba- 
bly give  /A  CO  in  such  cases,  that  would  not  be  very  widely  re- 
moved from  the  true  value,  was  worked  out  and  employed  by 
Jones  and  Getman.^  It  consists  in  combining  the  freezing- 
point  and  conductivity  methods  as  follows  :  The  dissociation 
for  two  or  three  dilute  solutions  of  a  substance  was  determined 
by  the  freezing-point  method  and  their  conductivities  also 
measured.  Knowing  cc  and /u,j,  /xoo  could  be  calculated  at  once. 
This  method  was  proposed  and  applied,  however,  only  tenta- 

1  Jones  :  This  Journal,  33,  89  (1900). 

*  Ibid.,  31,  303  (1904).     Z.  physik.  Chem.,  49,  385  (1904). 

3  This  Journal,  31,  303  (1904).    Z.  physik.  Chem.,  49, 385  (1904). 
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tively.  It  was  pointed  out  that  it  is  merely  an  approximation, 
but,  with  the  data  then  at  our  disposal,  it  was  the  sole  means 
of  obtaining  any  idea  as  to  the  magnitude  of  the  hydration  for 
a  given  substance  and  of  the  change  in  the  complexity  of  the 
hydrates  with  change  in  concentration. 

It  must  also  be  repeated  that  the  conductivity  method  is  not 
an  accurate  measure  of  dissociation  in  concentrated  solutions, 
yet  it  probably  gives  values  of  the  right  order  of  magnitude 
and,  at  present,  is  the  best  that  can  be  done  in  such  cases. 

The  Present  Investigation, 

The  object  of  the  present  investigation  is  to  calculate,  as 
closely  as  possible,  the  composition  of  the  h5'drates  formed  by 
a  number  of  electrolytes,  over  as  wide  range  of  concentration 
as  work  could  be  extended.  In  order  to  accomplish  this  the 
following  data  had  to  be  secured  :  The  lowering  of  the  freez- 
ing-point, produced  by  the  various  solutions,  had  to  be  deter- 
mined and  the  molecular  lowering  calculated  from  the  observed 
value. 

The  conductivities  of  the  solutions  at  0°  must  be  measured 
and  also  the  value  of  /moo  by  the  conductivity  method,  wher- 
ever this  could  be  done.  The  object  of  these  measurements 
was  to  ascertain,  as  closely  as  possible,  the  dissociation  of  the 
solution  in  question,  in  order  that  the  theoretical  lowering 
produced  by  the  substance,  if  there  was  no  hydration,  could 
be  calculated. 

The  specific  gravities  of  all  of  the  solutions  must  also  be  meas- 
ured. The  object  of  this  was  to  determine  the  actual  amount 
of  water  in  a  liter  of  the  solution.  The  difference  between  the 
amount  of  water  in  a  liter  of  a  dilute  solution  and  1000  grams 
is  small,  but,  in  concentrated  solutions,  the  difference  may,  of 
course,  be  very  large. 

Calculation  of  the  Composition  of  the  Hydrates. 

Given  the  above  data,  the  calculation  of  the  amount  of 
water  in  combination  with  the  dissolved  substance  is  simple. 
The  observed  molecular  lowering  is  corrected  for  the  difference 
between  1000  grams  and  the  amount  of  water  actually  present 
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in  I  liter  of  the  solution.  This  gives  the  true  molecular  low- 
ering, produced  by  the  substance  at  the  dilution  in  question,  if 
there  were  looo  grams  of  water  present. 

The  calculated  molecular  lowering  can  now  be  compared  di- 
rectly with  the  corrected,  observed,  molecular  lowering.  If 
there  was  no  hydration  these  two  values  would  be  equal.  The 
magnitude  of  the  hydration  is  obtained  as  follows  : 

The  calculated  molecular  lowering  is  divided  by  the  cor- 
rected molecular  lowering  found.  This  ratio,  multiplied  by 
looo,  gives  the  amount  of  water  present  playing  the  role  of 
solvent,  if  the  quantity  of  the  substance  present  was  dissolved 
in  I  coo  grams  of  water. 

The  difference  between  this  amount  of  water  and  looo  grams 
is  the  quantity  that  is  in  combination  with  the  dissolved  sub- 
stance, under  the  conditions  that  obtain  in  the  solution  in 
question. 

For  a  number  of  reasons  everything  is  referred  to  looo  grams 
of  the  solvent.  The  theoretical  freezing-point  constant  is 
calculated  for  looo  grams  of  the  solvent  and,  by  calculating  the 
depression  found  for  the  same  amount  of  the  solvent,  the  two 
sets  of  results  are  comparable.  Further,  by  referring  every- 
thing to  a  constant  amount  of  the  solvent,  the  various  results 
can  be  compared  directly  with  one  another. 

If  we  know  the  number  of  grams  of  water  that  have  com- 
bined with  the  dissolved  substance,  the  number  of  gram-mole- 
cules of  water  that  have  entered  into  combination  is  obtained 
by  dividing  the  above  value  by  i8.  If  we  divide  this  value 
b}'  the  concentration  in  terms  of  normal,  we  obtain  the  number 
of  molecules  of  water  in  combination  with  i  molecule  of  the 
dissolved  substance,  when  the  amount  of  substance  present  in 
a  liter  of  the  solution  is  dissolved  in  looo  grams  of  water. 

The  Results. 

In  order  to  calculate  the  composition  of  the  hydrates  formed 
by  any  given  substance,  at  different  dilutions,  it  is  necessary  to 
have  the  following  values  : 

The  lowering  of  the  freezing-point  produced  by  the  dissolved 
substance. 
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The  conductivity  of  the  solution  as  an  approximate  measure 
of  its  dissociation. 

The  specific  gravities  of  the  solutions,  in  order  to  calculate 
the  difference  between  1000  grams  of  water  and  the  amount 
contained  in  a  liter  of  the  solution. 

Some  of  the  above  data  were  already  available  for  the  fol- 
lowing substances.  However,  in  many  cases  only  a  part  of 
the  data  had  been  secured  and  this  we  have  supplemented 
wherever  necessary. 

The  compositions  of  the  hydrates,  formed  by  the  following 
substances,  are  calculated  as  closely  as  seems  to  be  possible, 
at  present  : 

Calcium  chloride,  calcium  bromide,  strontium  bromide, 
barium  bromide,  magnesium  chloride  and  bromide,  manganese 
chloride  and  nitrate,  cobalt  chloride  and  nitrate,  nickel  chlo- 
ride and  nitrate,  copper  chloride  and  nitrate  and  sulphuric  acid. 

In  the  various  tables  of  data  the  symbols  have  the  following 
significance  : 

In  the  tables  of  freezing-point  measurements  m  is  the  con- 
centration in  terms  of  gram-molecules  per  liter  ;  A  the  ob- 
served freezing-point  lowering,  corrected  for  the  separation  of 

A 
ice  ;  —  the  molecular  lowering  of  the  freezing-point. 
in 

In  the  conductivity  tables  the  symbols  have  the  usual  sig- 
nificance, V  is  the  volume  of  the  solution,  or  the  number  of 
liters  that  contain  a  gram-molecular  weight  of  the  electrolyte, 
a  is  the  approximate  dissociation. 

In  the  specific  gravity  tables  m  is  the  concentration,  Wsoi. 
is  the  weight  of  25  cc.  of  the  solution,  Wsait  is  the  weight  of 
the  salt  contained  in  25  cc.  of  the  solution,  WhoO  is  the  weight 
of  water  contained  in  25  cc.  of  the  solution.  The  percentage 
correction  is  the  correction  that  must  be  applied  to  the  freez- 
ing-point lowering,  in  order  to  refer  it  to  1000  grams  of  solvent, 
instead  of  the  amount  of  water  that  is  present  in  a  liter  of  the 
solution  in  question. 

The  symbols  in  the  hydrate  tables  have  the  following  sig- 
nificance :  m  is  the  concentration  in  terms  of  gram-molecules 
per  liter,  a  the  approximate  dissociation  of  the  solution,  L,  the 
theoretical  molecular  lowering  of  the  freezing-point  referred  to 
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A 

looo  grams  of  the  solvent,  —  the  molecular  lowering  found 

experimentally,  L'  the  molecular  lowering,  m'  the  number  of 
gram-molecules  of  water  in  combination,  both  being  referred 
to  looo  grams  of  water.  H  the  number  of  molecules  of  water 
in  combination  with  i  molecule  of  the  salt,  at  the  concentra- 
tion in  question,  if  a  liter  of  the  solution,  at  that  concentra- 
tion, contained  lOOO  grams  of  water. 

In  order  to  ascertain  the  number  of  molecules  of  water 
actually  in  combination  with  i  molecule  of  the  dissolved  sub- 
stance, at  the  concentration  given,  it  is  only  necessary  to  di- 
vide the  value  of  M,  for  that  concentration,  by  the  concentra- 
tion expressed  in  terms  of  a  gram-molecular  weight  in  looo 
grams  of  the  solvent.  The  difiference  between  the  values  of  H 
found  by  these  two  methods  is  generally  quite  negligible,  be- 
ing smaller  than  experimental  errors.  It  becomes  appreciable 
only  when  the  "correction"  per  cent  is  large,  i.  e.,  in  very 
concentrated  solutions. 

Calcium  Chloride. 

The  data  for  calcium  chloride  are  given  in  Tables  I.  to  IV. 
The  freezing-point  lowerings  had  already*  been  determined  and 

Table  I. — Freezing-point  Measurements. 

nt.  A.  — . 

m 

498 
4.91 
4.96 

4-97 

5.02 

516 

5.26 

5-47 

6.345 

7.531 

8.934 

9.03 

10.  II 

11 .  16 
12.79 
14.32 

1  Jones  and  Getman  :  Z.  physik.  Chem.,  49,  442  (1904). 


0. 102 

0" . 505 

0.153 

o°.752 

0.204 

I°.OI2 

0.255 

i°.267 

0.306 

i°.537 

0.408 

2°. 104 

0.510 

2°. 681 

0.612 

3°  348 

1 .000 

6°. 345 

1.500 

11°. 296 

2  .000 

1 7°. 867 

1.949 

17°. 710 

2.274 

2 3°. 000 

2.598 

29°. 000 

2.923 

37°  400 

3.248 

46° . 500 
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Table  II. — Conductivity  Measurements, 
ixco  o°  =  138. 


9.80 

6.54 
90 
92 

27 

45 
96 

63 
1 .00 
0.67 
0.50 

0.43 
0.38 

0.34 
0.31 


105 


96 


71 
62 

54 
48 

44 
39 

35 


9 

40 

92 

61 

10 

24 

25 

15 

06 

05 
83 
44 
55 


a. 
76.6 
74.6 

71-3 
70.2 
64.9 
64.6 

63 -9 
61. 1 
51.6 
450 
39  I 
35-4 
30.8 
28.7 
26.0 


Table  III. — Specific  Gravity  Measurements. 


tn. 

\A 

/sol. 

Wsalt. 

WhoO. 

Correction 

Per  cent. 

0.  102 

25.2408 

0.2831 

24 -9577 

0.17 

0.153 

25 

3166 

0.4246 

24 

8920 

0.43 

0.204 

25 

4635 

0.5661 

24 

8974 

0.41 

0.255 

25 

6176 

0.7076 

24 

9100 

0.36 

0.306 

25 

7050 

0.8492 

24 

8558 

0.58 

0.408 

26 

0032 

I. 1322 

24 

8710 

0.52 

0.510 

26 

2300 

1.4152 

24 

8148 

0.74 

0.612 

26 

5403 

1.6983 

24 

8420 

0.63 

1 .000 

27 

3656 

2.7750 

24 

5906 

I  .64 

1.500 

28 

4996 

4.1625 

24 

3371 

2.65 

2.000 

29 

5984 

5 • 5500 

24 

0484 

3-81 

2.274 

29 

8363 

6.2992 

23 

5371 

5.85 

2.598 

30 

4502 

7.2150 

23 

2352 

705 

2.923 

31 

1440 

8.0780 

23 

0660 

7-74 

3  248 

31 

7437 

9.0188 

22 

7249 

9. 10 
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Table  IV. — Hydrates. 


L. 


M. 


H. 


o 

I02 

0.766 

o 

153 

0.746 

o 

204 

0.713 

o 

255 

0.702 

o 

306 

0.649 

o 

408 

0.646 

o 

510 

0.639 

o 

612 

0.611 

I 

000 

0.516 

I 

500 

0.450 

2 

000 

0.391 

2 

274 

0.354 

2 

598 

0.308 

2 

923 

0.287 

3 

248 

0.260 

71 

4 

98 

4 

97 

3- 

64 

4 

91 

4 

89 

2 . 

51 

4 

96 

4 

94 

4- 

47 

4 

97 

4 

95 

5- 

27 

5 

02 

4 

99 

8. 

26 

5 

16 

5 

13 

9- 

24 

5 

26 

5 

22 

10. 

13 

5 

47 

5 

44 

H- 

78 

6 

345 

6 

24 

22 . 

55 

7 

53 

7 

33 

28 

31 

8 

934 

8 

59 

34 

08 

10 

II 

9 

52 

37 

01 

II 

16 

10 

37 

39 

93 

12 

79 

II 

80 

41 

83 

14 

32 

13 

02 

42 

02 

29.6 

84 

18.6 

84 

23-7 

39 

21.2 

02 

26.2 

42 

23.1 

41 

20.4 

40 

23-5 

80 

22.8 

65 

19. 1 

15 

17. 1 

58 

16.5 

43 

15-2 

76 

14.2 

81 

13.2 

4 
4 
4 
4 
4 
4 
4 
4 
3 
3 
3 
3 
3 
2 
2 

a  portion  of  the  conductivity  measurements  made.  The  data 
necessary  for  calculating  the  hydration  in  dilute  solutions  was 
partly  lacking  and  this  was  obtained. 

The  value  of  fj.00  for  calcium  chloride  and  for  a  number  of 
the  other  salts  used  in  this  work,  was  determined  by  Mr,  West, 
to  whom  we  wish  to  express  our  thanks. 

From  column  m  it  will  be  seen  that  the  amount  of  water  that 
has  entered  into  combination  increases  with  the  concentration 
of  the  solution.  This  is  just  what  we  should  expect  from  the 
law  of  mass  action.  The  larger  the  amount  of  the  salt  present, 
the  greater  the  amount  of  water  that  would  be  held  in  com- 
bination. The  slight  increase  in  the  amount  of  water  com- 
bined as  we  pass  from  0.153  normal  to  0.102  normal  is  to  be 
noted,  because  a  similar  phenomenon  occurs  in  other  cases. 

If  we  turn  our  attention  to  the  number  of  molecules  of 
water  combined  with  i  molecule  of  the  dissolved  substance,  we 
shall  see  that  this  increases  from  the  most  concentrated  solu- 
tion to  about  half-normal  and  then,  with  considerable  fluctua- 
tion, does  not  change  in  any  decided  manner.  The  number  of 
molecules  of  water  in  combination  with  i  molecule  of  the  dis- 
solved substance  is  really  of  less  interest  and  importance  than 
the  total  amount  of  water  held  in  combination  by  the  dissolved 
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substance,  the  latter  has,  therefore,  been  plotted  in  the  curve 
(Fig.  v.),  against  the  concentrations  as  abscissae.     The  curve 


Fig.  V. 

shows,  at  a  glance,  that  the  amount  of  water  held  in  combina- 
tion increases,  and  fairly  regularly,  with  the  concentration. 

Calcium  Bromide. 

What  has  been  said  in  reference  to  calcium  chloride  holds 
largely  for  the  bromide.  Such  data  as  were  lacking  were  ob- 
tained, especially  for  dilute  solutions,  in  order  that  the  ap- 
proximate magnitude  of  the  hydration  in  such  solutions  could 
be  calculated.  The  value  of /a co  at  0°,  for  calcium  bromide, 
was  also  obtained  directly,  by  the  conductivity  method. 

The  total  amount  of  water  held  in  combination  increases 
with  the  concentration  (see  Fig.  VII.,  p.  558).  The  bromide 
combines  with  a  little  more  water  than  the  chloride,  at  the 
same  concentrations. 
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Table  V. — Freezing-point  Measurements, 
in.  A. 


0.0435 

0".228 

5-24 

0.0871 

o°.445 

5-II 

0 . 1 306 

0° . 664 

5  07 

0.1742 

0° . 904 

5.18 

0.2613 

i°.368 

5  23 

0 .  3484 

i°.847 

5  30 

0.4355 

2°. 397 

5  50 

0.5226 

2°. 949 

5.60 

0.452 

2°. 340 

5-18 

0.903 

6°. 200 

5-86 

1.506 

13°. 100 

8.69 

1.807 

17°. 500 

9-07 

2.409 

30° . 500 

12.66 

3. on 

47° . 000 

15.61 

Table  VI. — Conductivity  Measurements. 

/xoo 

0°  =  123.7. 

V. 

Ii.v  0°. 

a. 

22.98 

107.42 

86 

8 

11.48 

100.53 

8i 

3 

7.66 

98.29 

79 

5 

5-74 

94-53 

76 

4 

3-83 

93- 19 

75 

3 

2.87 

89.44 

72 

3 

2.30 

87-59 

70 

8 

1. 91 

85.86 

69 

4 

I .  II 

80.9 

65 

4 

0.66 

68.3 

55 

2 

0.55 

61.7 

49 

9 

0.415 

50.14 

40 

-5 

0.332 

39.68 

32 

.  I 

Table  VII. — Specific  Gravity  Measurements. 

ni. 

Wsol. 

Wsalt. 

Wh,o. 

Correction 

Per  cent. 

0.0435 

25.1605 

0.2177 

24 

9428 

0.23 

0.0871 

25 

3421 

0.4355 

24 

9066 

0.37 

0 . 1 306 

25 

5154 

0.6530 

24 

8624 

0.55 

0.1742 

25 

7263 

0.8710 

24 

8553 

0.58 

0.2613 

26 

0433 

I ■ 3065 

24 

7368 

1.05 

0.3484 

26 

3743 

I . 7420 

24 

6323 

1-47 

0.4355 

26 

7319 

2.1772 

24 

5547 

1.78 

0.5226 

27 

0749 

2.6130 

24 

4619 

2.15 

0 . 9030 

28 

7128 

4-5150 

24 

1978 

3-21 

1 .  5060 

31 

1185 

7  -  5300 

23 

5885 

5-65 

I . 8070 

32 

3080 

9  0350 

23 

2730 

6.91 

2 .  4090 

34 

6443 

12.0450 

22 

5993 

9.60 

3. Olio 

37 

0233 

15.0550 

21 

9683 

12 

-13 
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Table  VIII. — Hydrates. 


m. 

a. 

L. 

^ 

V. 

M. 

H. 

m 

0.0435 

0.868 

5.13 

5  24 

5 .23 

I  .06 

24.4 

0.0871 

0.813 

4 

88 

5 

II 

5  09 

2.29 

26.3 

0. 1306 

0.795 

4 

82 

5 

07 

5  04 

2-43 

18.5 

0.1742 

0.764 

4 

70 

5 

18 

4.88 

2.05 

II. 7 

0.2613 

0.753 

4 

66 

5 

23 

5.18 

5-58 

21.3 

0.3484 

0.723 

4 

55 

5 

30 

5.22 

7.13 

20.5 

0.4355 

0.708 

4 

49 

5 

50 

5  40 

9  36 

21.3 

0.5226 

0.694 

4 

44 

5 

60 

5.48 

10.54 

20.2 

0.903 

0.654 

4 

29 

5 

86 

5.67 

13  52 

15.0 

1.506 

0.552 

3 

91 

8 

69 

8.20 

29.06 

12.7 

1.807 

0.499 

3 

72 

9 

07 

8.64 

31.61 

17-5 

2.409 

0.405 

3 

37 

12 

66 

11.44 

39.19 

16.2 

3. on 

0.321 

3 

05 

15 

61 

13.72 

43-21 

143 

Strontium  Bromide. 
Although  the  freezing-point  lowering  had  been  determined* 


Fig.  VI. 
1  Jones  and  Getman  :  Z.  physik.  Chem.,  49,  405. 
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over  the  entire  range  of  concentration  that  could  be  brought 
within  this  investigation,  conductivity  and  specific  gravity 
data  had  to  be  obtained.  The  value  of  /xoo  at  o°  for  strontium 
bromide  was  determined  for  us  by  Mr.  West  and  is  given  be- 
low. 

The  results  are  of  the  same  general  character  as  those  ob- 
tained with  calcium  chloride  and  bromide.  The  amount  of 
water  held  in  combination  increases  with  the  concentration, 
from  the  most  dilute  to  the  most  concentrated  solution  and 
about  the  same  quantity  of  water  is  combined  as  with  the  cal- 
cium salts,  at  the  same  concentration  (see  Fig.  VIII.,  p.  563). 

Table  IX. — Freezing-point  Measurements. 


m. 

A. 

0.053 

0°.262 

0.103 

o°.503 

0.155 

o°.773 

0.207 

i°.035 

0.259 

i°.3o8 

0.310 

i°.592 

0.414 

2°. 147 

0.517 

2°. 741 

0.621 

3° -447 

0.626 

3° -502 

1-565 

12°. 520 

1.878 

16°. 500 

2.  191 

2 2°. 000 

Table  X. 

— Conductivity 

fXCO    0°   =   I 

V. 

fivO°. 

19.23 

107.4 

9.71 

102. 1 

6.45 

97  65 

4-83 

95  07 

3-86 

94-55 

3.22 

92.84 

2.42 

89-43 

1 .92 

87.61 

1. 61 

84-52 

0.63 

67.83 

0.53 

61 .  10 

0.45 

55  70 

5 
4 
4 
5 
5 
5 
5 
5 
5 
5 
8 
8 
10 


129.6. 


04 
88 

98 
00 

05 
13 
19 
30 
55 
59 
00 

78 
04 


82.9 
78.8 
75-3 
73-4 
73-0 
71 .6 
68.9 
67-5 
65.1 
52.3 
47-1 
430 
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Tab 

le  XI.— Sp 

scific  Gravit) 

/  Measurements. 

m. 

Wsol. 

Wsalt. 

WH50. 

Correction 
Per  cent. 

0.052 

25.2438 

0.3219 

24.9219 

0.31 

"•103 

25.5540 

0.6376 

24.9164 

0.33 

0.155 

25.7882 

0.9657 

24.8225 

0.71 

0.207 

26.0497 

1.2872 

24.7625 

0.91 

0.259 

26.3649 

I . 6090 

24 -7559 

0.98 

0.310 

26.6038 

I .9201 

24.6837 

I  .26 

0.414 

27. 1646 

2 . 5602 

24 . 6044 

1.58 

0.517 

27.6870 

3 . 2002 

24.4868 

2.05 

0.621 

28.2420 

3 • 8440 

24.3980 

2.40 

0.626 

28.1763 

4  0734 

24. 1029 

3-59 

I    565 

32.8955 

9-7144 

23.1811 

7.28 

1.878 

34.4696 

11.6325 

22.8371 

8.65 

2  .  191 

36 . 0403 

13 -5493 

22 .4910 

10.04 

Table  XII. — Hydrates. 


fft. 

0.052 
0.103 

0.155 
0.207 
0.259 
0.310 
0.414 

0.517 
0.621 

1.565 
1.877^ 
2. 191 


0.829 
0.788 
0.753 
0.734 
0.730 
0.716 
0.689 
0.675 
0.651 

0.523 
0.471 
0.430 


— .  V. 

m 


M. 


H. 


•94 

5 

04 

5 

02 

0 

886 

17 

73 

4 

88 

4 

86 

I 

488 

14 

.66 

4 

98 

4 

94 

3 

15 

20 

■59 

5 

00 

4 

95 

4 

04 

19 

.57 

5 

05 

5 

00 

4 

78 

18 

.52 

5 

13 

5 

07 

6 

04 

19 

42 

5 

19 

5 

II 

7 

50 

18 

.37 

5 

30 

5 

19 

8 

78 

17 

28 

5 

55 

5 

42 

II 

69 

18 

81 

8 

00 

6 

70 

23 

96 

15 

61 

8 

78 

8 

02 

30 

55 

16 

46 

10 

04 

9 

03 

34 

16 

15. 

Barium  Bromide. 

The  freezing-point  measurements  in  the  case  of  barium  bro- 
mide had  also  been  made/  but  much  of  the  other  data  had  to 
be  secured.  We  determined  the  value  of  /xoo  at  0°  by  the  di- 
rect application  of  the  conductivity  method,  at  high  dilutions. 

The  results  obtained  do  not  call  for  special  discussion,  be- 
cause they  are  of  the  same  general  character  as  those  already 
considered.     The  amount  of  the  solvent  held  in  combination 

1  Jones  and  Getman  :  Z.  physik.  Chem.,  49,  407  (1904). 
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by  barium  bromide  is  about  the  same,  at  comparable  concen- 
trations, as  for  the  other  halides  of  the  calcium  group, 
after  the  first  dilution,  it  increases  with  the  concentration. 
The  results  are  plotted  in  a  curve.  Fig.  VI.,  p.  551. 


Table  XIII. — Freezing-point  Measurements. 
A.  -^ 


0. 10 

o°.5o6 

0.15 

o°.737 

0.20 

l°.OOI 

0.40 

2°. 039 

0.50 

2°. 591 

0.4516 

2°. 310 

0.6774 

3°. 890 

0.9032 

7°. 300 

1 .  1290 

7°. 050 

I  3548 

9°. 020 

1.5806 

11°. 260 

I . 8064 

I 3°. 860 

2.258 

I 9°. 030 

5  06 
4.91 
500 
5  09 
5.18 
5" 
5.74 
5.87 
6.24 
6.66 
7.12 
7.67 
8.43 


Table  XIV. — Conductivity  Measurements. 

fxco   0°  =  136.9. 

V.  fJ-v  0°.                                           a. 

10.00  108.5  79.3 

6.67  106.3  77-7 

4.00  loi.o  73-8 

2.50  97.60  71 -3 

2.00  9423  68.8 

1.47  89.40  65.3 

1. 1 1  88.76  64.8 

0.88  83.60  61. I 

0.74  79-94  58.4 

0.63  76.10  55.6 

0.55  69.70  50.9 

0.44  56.20  41. 1 
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Table  XV. — Specific  Gravity 

Measurements. 

m. 

Wsol. 

Wsalt. 

WhoO. 

Correction 
Per  cent. 

O.  I 

25.6280 

0.7433 

24.8847 

0.46 

0.15 

25 

9603 

I. I 149 

24 

8454 

0.62 

0.25 

26 

6335 

I. 8581 

24 

7754 

0.90 

0.40 

27 

5884 

2.9730 

24 

6154 

I.  14 

0.50 

28 

2854 

37163 

24 

5691 

1.72 

0.6774 

29 

3522 

5.0058 

24 

3464 

2.61 

0.9032 

30 

7874 

6.6915 

24 

0959 

3.62 

1 .  1290 

32 

1553 

8.4016 

23 

7537 

4-99 

1-3548 

33 

6259 

10.0373 

23 

5886 

5-65 

I . 5806 

35 

0292 

11-7473 

23 

2819 

6.87 

I . 8064 

36 

4501 

13-4574 

22 

9927 

8.03 

2.258 

39 

2792 

16.8031 

22 

4761 

10.09 

0. 10 

0.793 

0.15 

0.777 

0.25 

0.738 

0.40 

0.713 

0.50 

0.688 

0.6774 

0.653 

0.9032 

0.648 

I . 1290 

0.611 

1-3548 

0.584 

1.5806 

0.556 

I . 8064 

0.509 

2.258 

0.411 

Table  XVI.— Hydrates. 


81 

5 

06 

5 

75 

4 

91 

4 

.60 

5 

00 

4 

52 

5 

09 

5 

42 

5 

18 

5 

29 

5 

74 

5- 

27 

5 

87 

5 

13 

6 

24 

5- 

03 

6 

66 

6. 

93 

7 

12 

6. 

75 

7 

67 

7- 

39 

8 

43 

7- 

M. 


H. 


04 

2-54 

25 

4 

88 

1.48 

9 

9 

96 

4-03 

16 

I 

03 

5-63 

14 

I 

09 

6.22 

12 

5 

59 

12  .92 

19 

I 

66 

13-64 

15 

I 

93 

16.88 

14 

9 

28 

19.90 

14 

7 

63 

22.62 

14 

3 

06 

26.05 

14 

4 

58 

30.71 

13 

6 

Magnesium  Chloride. 

The  freezing-point  lowerings  produced  by  magnesium  chlo- 
ride were  measured  by  Jones  and  Getman/  The  remaining 
data,  especially  for  the  dilute  solutions,  we  have  secured. 

Magnesium  chloride  has  greater  power  to  combine  with 
water  than  any  of  the  halides  of  the  calcium  group.  The  dif- 
ference is  especially  marked  in  the  dilute  solutions.  Notwith- 
standing this  fact,  we  see  that  the  amount  of  water  held  in 
combination  by  the  magnesium  salt  increases  regularly  with 

1  Z.  physik.  Chem.,  49,  411  (1904). 
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increase  in  concentration  (see  Fig.  V.,  p.  549).  There  is  here 
also  a  slight  exception  presented  by  the  first  two  solutions.  It 
is  worth  noting  that  the  amount  of  water  combined  with  i 
molecule  of  the  dissolved  substances  increases  from  the  most 
dilute  to  the  most  concentrated  solution. 


Table  XVIL- 

—Freezing-pc 

nt. 

A. 

0 . 0508 

o°.28o 

0. 1016 

o°.537 

0.1525 

o°.77i 

0.2033 

i°.o58 

0.2541 

i°.335 

0.3801 

2°. 015 

0.5082 

2°. 762 

0 . 6099 

3°. 472 

0.464 

2°. 482 

0.927 

6°. 140 

1-391 

10°. 820 

I   854 

17°. 380 

2.318 

2  7°.  000 

A 

nt 

5 

51 

5 

28 

5 

06 

5 

20 

5 

25 

5 

30 

5 

43 

5 

69 

5 

35 

6 

62 

7 

78 

9 

38 

II 

60 

Table  XV III. — Condtictiviiy  Measurements. 


V. 

19.69 
9.84 
6.56 

4.87 

3-94 
2.63 
1.97 
1 .64 
1.08 
0.70 
0.54 
0.43 


jU,oo    O     =  120.0. 


Mz^O" 


88.64 
83  30 
79.11 
76.28 
74.84 

70.51 
66.59 

64 -39 
63 -43 
52.65 

45.70 
36.67 


73 
69 

65 
63 
62 

58 
55 
53 
52 
43 
38 
30 
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m. 

Wsol. 

Wsalt. 

WhoO. 

Correction 
Per  cent. 

0.0508 

25.0818 

0.  I2IO 

24 . 9608 

0.  16 

0. 1016 

25.1641 

0.2420 

24 

9221 

0.31 

0.1525 

25.2596 

0.3629 

24 

8967 

0.41 

0.2033 

25-3275 

0.4839 

24 

8436 

0.62 

0.2541 

25.4230 

0 . 6050 

24 

8180 

0.73 

0.3801 

25.6426 

0 . 9074 

24 

7352 

I  .06 

0.5082 

25.8768 

I . 2098 

24 

6670 

1-33 

0 .  6099 

26.0392 

1.4520 

24 

5872 

1.65 

0.927 

26.7206 

2.2134 

24 

5072 

1-97 

I    391 

27.5109 

3.3082 

24 

2027 

3-19 

1.854 

28.3128 

4.4030 

23 

9098 

4  36 

2.318 

29.0447 

5.5216 

23 

5231 

5-91 

2.782 

29.8178 

6.6164 

23 

2014 

7.19 

Table  XX. — Hydrates. 


m. 

a. 

L. 

A 

V. 

M. 

H. 

in  ' 

0. 1016 

0.694 

4-44 

5-28 

5.26 

8.41 

82.7 

0.1525 

0.659 

4 

31 

5.06 

5 

04 

8.05 

52.1 

0.2033 

0.636 

4 

23 

5.20 

5 

17 

10. 10 

49-7 

0.2541 

0.624 

4 

18 

5-25 

5 

21 

10.99 

43-3 

0.3801 

0.588 

4 

05 

5-30 

5 

24 

12.62 

33-2 

0.5082 

0.555 

3 

92 

5-43 

5 

36 

14.93 

29.4 

0 . 6099 

0.538 

3 

86 

5-69 

5 

60 

17.26 

28.3 

0.927 

0.529 

3 

83 

6.62 

6 

50 

23-93 

25.8 

I. 391 

0.439 

3 

49 

7-78 

7 

53 

29.81 

21.4 

1-854 

0.381 

3 

28 

9-38 

8 

97 

35  29 

19.0 

2.318 

0.306 

3 

00 

II  .60 

10 

91 

40.28 

17.4 

Magnesium  Bromide. 

The  bromide  of  magnesium,  like  the  chloride,  had  already 
been  studied  by  Jones  and  Getman.^  They  were  interested 
especially  in  the  magnitude  of  the  hydration  in  concentrated 
solutions ;  much  of  the  data  necessary  to  calculate  the  approxi- 

1  Z.  physik.  Chem.,  49,  412  (1904). 
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mate  composition  of  the  hydrates,  in  dilute  solution,  we  had 
to  secure. 

The  results  for  magnesium  bromide  are  very  similar  to  those 
for  magnesium  chloride.  The  amount  of  water  held  in  com- 
bination is  larger  than  in  the  case  of  any  bromide  of  the  cal- 
cium group.  We  notice  here,  also,  a  decrease  in  the  value  of 
m  for  the  first  two  solutions,  then  a  regular  increase  with  the 
concentration  (see  Fig.  VII.). 


Fig.  VII. 


Here,  again,  the  number  of  molecules  of  water  combined 
with  I  molecule  of  the  salt,  increases  from  the  most  dilute  to 
the  most  concentrated  solution. 
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Table  XXI. — Freezing-point  Measurements, 
m.  A. 


A 
m 


0.0517 

0^277 

0.103 

o°.53i 

0.155 

o°.8oi 

0.207 

i°.o88 

0.310 

i°.69o 

0.414 

2°. 347 

0.517 

3°. 022 

0.321 

i°.69i 

0.642 

3°. 921 

0.964 

6°. 850 

1 .610 

15°. 200 

2.571 

37°. 500 

536 
514 

5-17 
5  26 

5-45 
567 

5.84 
5-27 
6.17 

7. II 

9-44 
14.60 


Table  XXII. — Condiictivity  Measurements. 


/AOO    0     =   122.8. 

V. 

P-v  0°. 

a. 

923 

100.3 

81.7 

9.71 

94-55 

77.0 

6.45 

90.62 

73-8 

4-83    ' 

88.49 

72.6 

3.22 

82.66 

67.3 

3-11 

81.86 

66.7 

2.42 

79.90 

65- 1 

1.92 

77.04 

62.7 

1.56 

75.36 

61.5 

1.03 

68.31 

55.6 

0.62 

54  63 

44.5 

0.39 

37.28 

30.4 

56o 
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Table  XXIII. - 

-sp. 

?cific 

Gravity  Measurements. 

m. 

Wsol. 

Wsalt. 

WhoO. 

Correction. 
Per  cent. 

0.0517 

25.1526 

0.2379 

24.9147 

0.34 

0.103 

25    3540 

0.4758 

24.8782 

0.49 

0.155 

25    5990 

0.7138 

24.8852 

0.46 

0.207 

25-7553 

0.9518 

24-8035 

0.79 

0.310 

26. 1085 

1-4275 

24.6810 

1.27 

0.321 

26.1549 

1-4736 

24-6813 

1.27 

0.414 

26.5794 

I . 9070 

24.6724 

1-74 

0.517 

26.9461 

2.3792 

24.5669 

1-73 

0.642 

27.3491 

2.9472 

24.4019 

2.39 

0.964 

28.4985 

4.4208 

24.0777 

3  69 

1 .610 

30.7930 

7.3680 

23.4250 

6.30 

2.571 

34-1739 

11.9730 

22.2009 

II .  19 

3214 

36.1581 

14.7360 

21 .4221 

14-31 

Table  XXIV.— Hydrates. 

fn. 

a.           L. 

A 

V.             M.              H. 

in 

0.103 

0 

770     4-75 

5-14 

5-II       3 

81       38.0 

0.155 

0 

738     4 

60 

5 

17 

5 

15       5 

93       38.3 

0.207 

0 

726     4 

56 

5 

26 

5 

22       7 

02       33.9 

0.310 

0 

673     4 

36 

5 

45 

5 

38     10 

53       33-97 

0.414 

0 

651     4 

28 

5 

67 

5 

57     12 

87       31 -I 

0.517 

0 

627     4 

19 

5 

84 

5 

74     15 

00       29.0 

0.642 

0 

615     4 

15 

6 

17 

6 

02     17 

26       26.9 

0.964 

0 

556     3 

93 

7 

II 

6 

85     23 

68       25.6 

1 .610 

0 

•445     3 

52 

9 

44 

8 

85     33 

46       20.8 

2.571 

0 

.304     2 

99 

14 

60 

12 

97     42 

80       16.6 

Alanganese  Chloride. 

The  substances  dealt  with  in  the  remainder  of  this  paper 
were  studied  by  Jones  and  Getman,*  in  their  earlier  work.  At 
that  time  the  evidence  for  the  existence  of  hj^drates  in  solution 
was  not  recognized  as  clearly  as  it  is  to-day  and  no  effort 
was  then  made  to  calculate  the  composition  of  the  hydrates 
formed  by  these  compounds. 

We  have  taken  the  earlier  data  as  far  as  they  bear  on  the 
problem  in  hand  and  have  supplemented  them,  wherever  neces- 

'  This  Journal,  31,  303  (1904). 
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«ary,  in  order  to  calculate  the  approximate  composition  of  the 
hydrates  formed  by  these  various  substances,  at  different  con- 
centrations. This  necessitated  many  new  freezing-point 
determinations  ;  in  all  cases  new  conductivity  measurements  at 


Table  XXV . — Freezing-point  Measurements. 


0.053 
o.  106 

0.133 
0.266 
0.400 
0.532 
0.796 
0.902 
1 .061 
1.500 
2.000 
2.500 
3.000 
3  500 
4.000 


A. 

o°.255 
o°.5o8 
o°.639 
i°-259 

2° . 004 
2° . 790 

4° -247 
4°. 825 

5°. 965 
11°. 100 
16°. 500 
24° .  000 
31°. 000 
40° . 000 
48°. 500 


A 

m ' 

4.81 

4 

79 

4 

80 

4 

73 

5 

01 

5 

24 

5 

34 

5 

36 

5 

62 

6 

66 

8 

25 

9 

60 

10 

33 

II 

43 

12 

13 

Table  XXVI. — Conductivity  Measurements. 


18.87 
9-43 
751 
3  76 
1.88 
1 .26 
0.94 
0.66 
0.50 
0.40 

0.33 
0.29 

0.25 


/U.0O    o 


123. 


/J-v  O". 

88.67 

81.81 

79  85 
73-49 
65.16 
57-32 
51-44 
43-35 
34-82 
26.38 
19.67 
14.04 
9. 82 


a. 
72.0 
67.0 
65.0 
60.0 
53-0 
47.0 
42.0 
34-0 
28.0 
21 .0 
16.0 
II. o 

8.0 
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Table  XXVII. — Specific  Gravity  Determinations. 
tn.  Wsol.  Wsalt.  WhsO.        Correction. 

Per  cent. 


0.133 

25.2679 

0.4186 

24-8593 

0.56 

0.266 

25.6125 

0.8372 

24-7753 

0.90 

0.400 

25.9469 

1.2590 

24.6879 

1-25 

0.532 

26.2766 

1.6745 

24 . 602 1 

1-59 

0.796 

26.9452 

2.5154 

24.4298 

2.28 

0.902 

27. 1870 

2 . 8390 

24.3480 

2.61 

1 .061 

27.6633 

3-3394 

24-3239 

2.70 

1.500 

28.7249 

4-7213 

24.0036 

3-98 

2.000 

29.8916 

6.2950 

23.5966 

5.62 

2.500 

31.0396 

7.8688 

23.1708 

7-32 

3.000 

32.0541 

9.4425 

22 .6116 

9-55 

3 -500 

33-2645 

II .0138 

22.2507 

II  .00 

4.000 

34-5927 

1 2 . 5900 

22.0027 

11.99 

Table  XXVIII.— Hydrates. 


L.  — . 


M. 


H. 


0.133 

0.65 

4.28 

4.80 

4-77 

5 

7 

42.8 

0.266 

0.60 

4.09 

4-73 

4-69 

7 

I 

26.7 

0.532 

0.53 

3.83 

5-24 

5-16 

15 

4 

28.9 

0.796 

0.47 

3-61 

5-34 

5-22 

17 

13 

21.5 

1 .061 

0.42 

3-42 

5.62 

5-47 

20 

8 

19.6 

1.500 

0.34 

3.12 

6.66 

6.40 

28 

9 

19-3 

2.000 

0.28 

2.90 

8.25 

7-79 

34 

9 

17.5 

2.500 

0.21 

2.64 

9.60 

8.90 

39 

I 

15.6 

3.000 

0. 16 

2  .46 

10.33 

9-34 

40 

9 

13-6 

3.500 

0.  II 

2.27 

11.43 

10.18 

43 

2 

12.3 

4.000 

0.08 

2. 16 

12.13 

10.68 

44 

3 

II .  I 

0°  and  the  specific  gravities  of  all  of  the  solutions  had  to  be 
ascertained. 

An  examination  of  Table  XXVIII.  will  show  that  man- 
ganese chloride  resembles  the  chlorides  already  studied,  in  that 
the  power  to  combine  with  water  is  great  and  increases  regu- 
larly, from  the  most  dilute  to  the  most  concentrated  solution. 
This  is  also  shown  by  the  curve  for  this  substance  in  Fig. 
VIII. 

The  number  of  molecules  of  water  combined  with  i  molecule 
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of  the  salt  increases  from  the  most  concentrated  to  the  most 
dilute  solution.     We  have  already  met  with  other  substances 


Fig.  VIII. 

where  this  is  the  case,  notably  magnesium  chloride  and  bro- 
mide. 

Manganese  Nitrate. 

The  results  formerly  obtained  by  Jones  and  Getman'  for 
manganese  nitrate  were  somewhat  out  of  keeping  for  a  salt 
with  6  molecules  of  water  of  crystallization.  The  freezing- 
point  lowerings,  produced  by  this  substance,  were  too  small. 
Suspecting  that  there  must  have  been  some  error,  as  far  as 
this  substance  is  concerned,  we  repeated  the  work.  The  fol- 
lowing results  were  obtained  : 

From  Table  XXIX.  it  will  be  seen  that  manganese  nitrate 
gives  just  about  the  same  lowering  of  the  freezing-point  as 
other  salts  with  6  molecules  of  water  of  crystallization  and 

1  This  Journal,  31,  313  (1904). 
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really  falls  right  in  line  with  the  relation  that  has  been  shown 
to  hold  in  such  a  large  number  of  cases. 

In  order  to  avoid  any  possibility  of  error,  we  prepared  a  sec- 
ond, entirely  new,  solution  of  manganese  nitrate  and  made  a  fresh 
standardization  of  this  solution.  The  freezing-point  lower- 
ings,  produced  by  solutions  made  from  this  newly  standardized 
solution,  were  then  determined,  the  results  being  recorded  in 
Table  XXXIII.  It  will  be  seen  that  these  agree  satisfactorily 
with  the  results  in  Table  XXIX.  The  error  in  the  original 
work  with  this  substance  was  probably  due  to  a  mistake  in 
standardization. 

Table  XXIX. — Freezing-point  Measurements. 

.  A 

m.  A.  — . 

m 

0.27  i°.39  5-15 

0.54  2°. 98  5.52 

1.05  6°. 75  6.43 

1.59  12°. GO  7-55 

2.61  27°.  50  10.54 

3.15  38°.  50  12.22 

Table  XXX. — Conductivity  Measurements. 

^00     0°    =:    112. 

3.70  80.62  72.0 

1.85  71-37  63.7 

0.95  58.48  52.2 

0.63  48.61  43.4 

0.38  27.37  24.4 

0.32  20.02  17.9 

Table  XXXI. — Specific  Gravity  Measurements. 

m.  Wsol.  Wsalt.  WhoO.        Correction. 

Per  cent. 

0.27  25.8667  1.2087  24.6580  1.37 

0.54  26.7980  2.4175  24.3805  2.48 

1.05  28.4612  4.8350  23.6262  5.50 

1.59  30.2003  7.1184  23.0819  7.67 

2.61  33-4161  11.6850  2I.73II  13.08 

3- 15     35-0516   14.1026    20.9490   16.20 
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Table  XXXII. —^ 

Hydrates. 

m. 

a. 

L. 

A 
m 

V. 

M. 

H. 

0.09 

0.824 

4-93 

511 

5  09 

1-75 

19.4 

0.18 

0.766 

4 

71 

4.90 

4.86 

1.72 

9-53 

0.27 

0.720 

4 

54 

5-15 

5  08 

591 

21.87 

0.54 

0.637 

4 

23 

5-52 

5-38 

11.87 

21.99 

1.05 

0.522 

3 

80 

6.43 

6.08 

20.83 

19.84 

1-59 

0.434 

3 

47 

7-55 

6.97 

27.90 

17-55 

2.61 

0.244 

2 

77 

10.54 

10.04 

40.23 

15-41 

315 

0.179 

2 

53 

12.22 

10.24 

41.82 

13-28 

Table  XXXIII. — Freezing-point  Measurements. 


A. 


0.09 

o°.46 

5-II 

0.18 

o°.88 

4.90 

0.27 

i°-43 

530 

0.54 

3° -07 

5-69 

1.05 

6°.  80 

6.47 

1-59 

11°. 80 

7.42 

2.61 

27°. 00 

10.35 

3-105 

38°. 00 
Cobalt  Chloride. 

12.24 

Only  a  very  small  number  of  the  results  for  cobalt  chloride  had 
been  obtained  by  Jones  and  Getman/  This  applies  also  to  the 
freezing-point  lowerings,  since  only  those  produced  by  di- 
lute solutions  had  been  measured.  The  same  holds  for  the 
conductivity  measurements  ;  all  of  the  specific  gravity  deter- 
minations have  been  made  by  us. 

The  results  are  just  what  we  should  expect.  Cobalt  chlo- 
ride crystallizes  with  6  molecules  of  water  and,  like  the  other 
chlorides  with  this  amount  of  crystal  water,  has  large  hydrat- 
ing  power.  The  amount  of  water  combined  with  the  salt  in- 
creases, regularly,  with  the  concentration  of  the  solution,  as  is 
shown  by  the  curve  for  this  substance  in  Fig.  IX. 

1  This  Journal,  31,  322  (1904). 
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Fig.  IX. 


Table  XXXIV. 

— Freezing-^ 

m. 

A. 

0.0639 

o°.325 

0. 1279 

o°.63i 

0. 1918 

o°.946 

0.3197 

i°.640 

0.4475 

2°. 427 

O.5114 

2°. 817 

0.6393 

3° -658 

0.700 

4°. 000 

0.800 

4°. 700 

0 .  900- 

5°. 420 

1 .000 

6°. 240 

1.500 

11°. 520 

2.000 

19°. 000 

2.500 

27°. 500 

2.760 

33° -500 

5-09 

4-94 
4-93 
513 
5-43 
551 
5-72 
5-71 
5.88 
6.00 
6.24 
7.68 
8.50 
11,00 
12.14 
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Table  XXXV. — Condtictivity  Measurements. 


V. 

15-65 

7.82 

5-21 

3.12 
2.23 

1-95 

1-57 

1-43 

I   25 

I .  II 

1 .00 

0.667 

0.50 

0.40 

0.362 


/xoo    O 


117. 


tJ-v  O" 


95 

93 

88 

42 

86 

36 

79 

50 

74-45 

71 

5Z 

67 

94 

64.38 

61 

48 

58 

93 

57 

25 

47 

34 

37 

93 

29 

79 

26 

13 

82.0 

75-6 

73-9 
67.9 
63.6 
61. 1 
58.1 
55-0 
52.6 
50.3 
48.9 
40.5 
32.4 
25-5 
22.3 


Table  XXXVI. — Specific  Gravity  Determinations. 

in. 

Wsol. 

Wsalt. 

WhjO. 

Correctio 
Per  cent 

0.0693 

25. 1826 

0.2077 

24-9749 

0.  10 

0. 1279 

25-3374 

0.4154 

24 

9220 

0.31 

0. 1918 

25-5253 

0.6229 

24 

9024 

0.43 

0.3197 

25-8939 

1.0382 

24 

8557 

0.58 

0.4475 

26. 2241 

1-4533 

24 

7708 

0.92 

0.5114 

26.4026 

1-8583 

24 

5443 

1.82 

0.6393 

26.7464 

2.0761 

24 

6703 

1.32 

0.70 

26.9935 

2.2732 

24 

7203 

I  .  12 

0.80 

27-2334 

2.5980 

24 

6354 

I  .46 

0.90 

27.4400 

2.9227 

24 

5173 

1-93 

1 .00 

27.7211 

3-2475 

24 

4736 

2.  II 

1.50 

29.1942 

4.8712 

24 

3230 

2.71 

2.00 

30.4874 

6.4950 

23 

9924 

4-03 

2.50 

31.8077 

8.1187 

23 

6890 

5-24 

2.76 

32.5739 

91931 

23 

3808 

6.48 
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Table  XXXV IL— Hydrates. 
A 


0.0639 

0.820 

4.91 

0. 1279 

0.756 

4.67 

0. I9I8 

0.739 

4.61 

0.3197 

0.679 

4-39 

0.4475 

0.636 

4-23 

0.5II4 

0.6II 

413 

0.6393 

0.581 

4.02 

0.700 

0.550 

391 

0.800 

0.526 

3.82 

0.900 

0.503 

3-73 

1 .000 

0.489 

3.68 

1.500 

0.405 

3-37 

2.000 

0.324 

307 

2.500 

0.255 

2.81 

2.760 

0.223 

2.69 

5 

09 

5 

08 

I 

4 

94 

4 

92 

2 

4 

93 

4 

91 

3 

5 

13 

5 

10 

7 

5 

43 

5 

38 

II 

5 

51 

5 

41 

13 

5 

72 

5 

64 

15 

5 

71 

5 

64 

17 

5 

88 

5 

80 

18 

6 

00 

5 

88 

20 

6 

24 

6 

II 

22 

7 

68 

7 

47 

30 

9 

50 

9 

46 

37 

II 

00 

10 

42 

40 

12 

14 

II 

35 

42 

M. 

H. 

.86 

29.  I 

.71 

21  .2 

•42 

17.9 

•73 

21  .  I 

•42 

255 

■14 

25^7 

.96 

25^1 

.04 

24-3 

.96 

23-8 

•31 

22  .6 

.09 

22. 1 

.48 

20.3 

•53 

18.8 

57 

16.2 

-38 

15.3 

Cobalt  Nitrate. 

The  nitrate  of  cobalt,  like  the  chloride,  crystallizes  with  6 
molecules  of  water  of  crystallization  and  we  should  expect  hy- 
drating  power  of  the  same  order  of  magnitude.  Such  is  the 
fact. 

We  worked  with  more  concentrated  solutions  than  had  been 
previously  used  and  supplemented  the  data  obtained  by  Jones 
and  Getman^  for  all  of  the  solutions,  so  as  to  be  able  to  calcu- 
late the  composition  of  the  hydrates  at  the  various  dilutions. 
The  regular  increase  in  the  amount  of  water  held  in  combina- 
tion, with  increase  in  the  concentration  of  the  solutions,  is 
shown  by  the  curve  in  Fig.  X.,  p.  573. 

Table  XXXVIII. — Freezing-point  Measurements. 


0.0747 

o".352 

4.72 

0.1495 

o°.685 

458 

0.2989 

i°.388 

4.65 

0 . 4484 

2°. 198 

4.87 

0.7473 

3° -935 

5.28 

I . 0462 

6°. 025 

5.76 

1.3451 

8°. 418 

6.26 

1-4945 

9°. 811 

6.55 

2.000 

17°. 50 

8.75 

2.570 

26°. 50 

10.60 

1  This  Journal,  31,  323  (1904). 

Composition  of  Hydrates. 


569 


Table  XXXIX. — Conductivity  Measurements. 
fx(X)  o"^  =  117. 6. 


V. 

Mt/0°. 

a. 

13-39 

87.68 

74.6 

6.69 

81.80 

69-5 

3-35 

75-00 

63.8 

2.23 

69.46 

57-1 

1-35 

62.43 

53-1 

0.95 

54.60 

46.4 

0.74 

48.17 

41 .0 

0.67 

45-47 

38.7 

0.50 

36.09 

30.7 

0.389 

26.59 

22.6 

Table  XL. — Specific  Gravity 

Determinations. 

m. 

Wsol. 

Wsalt. 

Wh„o. 

Correction 
Per  cent. 

0.0748 

25.2794 

0.3422 

24.9372 

0.25 

0.1495 

25-5716 

0.6843 

24 

8873 

0.45 

0.2989 

26.0667 

I -3931 

24 

6736 

I-3I 

0.4484 

26.6273 

2    0523 

24 

5750 

1.70 

0.7473 

27.6680 

3-4204 

24 

2476 

3-01 

I. 0451 

28.7815 

4  7834 

23 

9981 

4.01 

I -3451 

29.7903 

6.1565 

23 

6338 

5-47 

1-4945 

30.2888 

6 . 8403 

23 

4485 

6.21 

2.00 

32.1172 

9-1540 

22 

9632 

8.15 

2.57 

33  9705 

II .7629 

22 

2076 

II. 17 

Table  XL  I.— Hydrates. 


m. 

a. 

|L. 

A 
m 

L'. 

M. 

H. 

0.0747 

0.746 

4.64 

4.72 

4-71 

0.83 

II  .0 

0.1495 

0.695 

4 

45 

4 

58 

4 

56 

1-34 

9.0 

0.2989 

0.638 

4 

23 

4 

65 

4 

59 

4-36 

14.6 

0 . 4484 

0.571 

3 

98 

4 

87 

4 

79 

9-39 

20.95 

0.7473 

0.531 

3 

84 

5 

28 

5 

12 

13-89 

18.6 

I . 0462 

0.464 

3 

59 

5 

76 

5 

53 

19.49 

18.6 

I -3451 

0.410 

3 

29 

6 

26 

5 

92 

24-58 

18.3 

I • 4945 

0.387 

3 

10 

6 

55 

6 

14 

27-51 

18.4 

2  .000 

0.307 

3 

00 

8 

75 

8 

04 

37-31 

18.6 

2.570 

0.226 

2 

70 

10 

60 

9 

42 

39-63 

15-4 

570  Jones  and  Bassett. 

Nickel  Chloride. 

The  earlier  work  of  Jones  and  Getman'  had  to  do  only  with 
the  more  dilute  solutions  of  nickel  chloride.  We  have  ex- 
tended the  earlier  work  from  a  concentration  of  only  0.743  N 
to  3.483  N. 

The  results  with  nickel  nitrate  are  similar  to  those  with 
cobalt  chloride.  The  amount  of  water  combined  with  the  salt 
in  solution  increased  regularly,  from  the  most  dilute  to  the 
most  concentrated  solution  (see  Fig.  IX.,  p.  566).  The  num- 
ber of  molecules  of  water  combined  with  i  molecule  of  the  salt 
increase,  fairly  regularly,  from  the  most  concentrated  to  the 
most  dilute  solution. 


Table  XLII. — Freezing-point  Measurements. 

A 


A. 


m 


0.037  o  .205  5-54 

0.074  o°.38o  5- II 

0.149  o°.768  5.15 

0.223  i°.i7o  5.25 

0.297  i°.585  5-34 

0.372  2°. 032  5.46 

0.446  2°. 458  551 

0.521  2°. 945  565 

0.743  4°-547  6.12 

0.800  4°. 880  6.10 

o .  900  5° .  740  6 .  38 

I. 000  6°. 580   •  6.58 

1.500  11°. 920  7-95 

2.000  20°.  000  10.00 

2.500  31°.  500  12.60 

3.000  41°.  500  16.60 

3.483  53°ooo  21.20 

I  This  Journal,  31,  317  (1904)- 
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Table  XLIII. — Conductivity  Measurements. 


/AOO     0"    =    120.7. 

V. 

p.vO°. 

a. 

27.0 

103.2 

85-5 

135 

97.0 

80.4 

6.7 

88.64 

73-4 

4.48 

85-50 

70.8 

3-38 

82.52 

68.4 

2.68 

77-9 

64. 5 

2.24 

77.2 

64.0 

1 .92 

75.2 

62.3 

1-35 

70.23 

58.2 

125 

61.87 

51-2 

I .  II 

59   19 

49.0 

1. 00 

58.23 

48.2 

0.667 

46.85 

38.8 

0.50 

38.59 

32.0 

0.40 

29.88 

24.8 

0.33 

22.85 

18.9 

0.287 

16.92 

14.0 

Table  XLIV. — Specific  Gravity  Determinations 
m.  Wsoi.  Wsait.  WhoO. 


0.037 
0.074 
0.149 
0.223 
0.297 
0.372 
0.446 
0.521 

0.743 
0.800 
0.900 
1 .000 
1.500 
2  .000 
2.500 
3.000 
3.483 


25  0835 
25. i860 
25.4198 
25.6430 
25  8450 
26.0920 
26.2954 
26.4786 
27.1588 
27.3576 

27.5953 
27.9336 

29-3731 
30.7936 
32.0714 
33-5388 
34 • 7943 


o. 1 199 
0.2398 
0.4828 
0.7225 
0.9623 
I .2028 

I. 4451 
I. 6881 
2.4073 
2.5920 
2 .9160 
3.2400 
4 . 8600 
6 . 4800 
8. 1000 
9 . 7200 
II .2849 


24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 

24 
24 
23 
23 
23 


9636 
9462 
9370 
9205 
8827 
8892 
8503 
7905 
7515 
7656 

6793 
6936 

5131 
3136 
9714 
8188 

5094 


Correction. 
Per  cent. 

0.15 
0.21 
0.25 
0.31 
0.47 
0.44 
0.60 
0.84 
0.95 
0.94 
1.28 
I. 17 

1-55 
2.75 
4. II 
4.72 
5-96 
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Table  XLV. — Hydrates. 


m. 

a. 

L. 

A 
m 

I 

0.074 

0.804 

4.85 

5-11 

5 

0.149 

0.734 

4.60 

5.15 

5 

0.223 

0.708 

4-49 

5-25 

5 

0.297 

0.684 

4.40 

5.34 

5 

0.372 

0.645 

4.26 

546 

5 

0.446 

0.640 

4.24 

5-51 

5 

0.521 

0.623 

4. 16 

5.65 

5 

0.743 

0.582 

4.04 

6. 12 

6 

0.800 

0.512 

3.76 

6. 10 

6 

0.900 

0.490 

3.68 

6.38 

6 

1 .00 

0.482 

3.65 

6.58 

6 

1.500 

0.388 

3  30 

7.95 

7 

2.00 

0.320 

305 

10.00 

9 

2.500 

0.248 

2.78 

12.60 

12 

3.00 

0.  189 

2.56 

16.60 

15 

3-483 

0.  140 

2.38 

21 .20 

19 

M. 


10 

2 . 

H 

5- 

•23 

7. 

.31 

9- 

.43 

II . 

.48 

12. 

.60 

14- 

.06 

18. 

•04 

20. 

.31 

23- 

•50 

24. 

.83 

32. 

•73 

38. 

.18 

42. 

.82 

46 

■85 

48 

H. 


73 

36.9 

83 

39.2 

86 

35.2 

41 

31-7 

97 

32.2 

57 

28.2 

28 

27.4 

52 

24.9 

97 

26.2 

15 

25.7 

36 

24.4 

14 

21.4 

08 

19.0 

88 

17.2 

57 

15-6 

90 

13-8 

Nickel  Nitrate. 

The  freezing-point  lowerings  produced  by  solutions  of  nickel 
nitrate  were  studied  pretty  thoroughly  by  Jones  and  Getman. 
We  have,  however,  been  able  to  extend  their  investigations, 
even  on  freezing-point  lowerings,  to  somewhat  greater  concen- 
trations. 

The  hydrating  power  of  nickel  nitrate  is  of  the  same  order 
as  that  of  cobalt  nitrate  (see  Fig.  X.,  p.  573),  just  as  we  should 
expect,  since  it  has  the  same  number  of  molecules  of  water  of 
crystallization. 

Here,  also,  we  notice  that  the  number  of  molecules  of  water 
combined  with  i  molecule  of  the  salt,  increases  from  the  most 
concentrated  to  the  most  dilute  solution. 

1  This  Journal,  31,  318  (1904). 
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Fig.  X. 


Table  XLVI. 

— Freezing-pc 

m. 

A, 

0.0761 

o°.377 

0. 1522 

0° . 750 

0.3044 

i°.527 

0.6088 

3°-273 

0.7610 

4°. 306 

1.0654 

6°. 691 

1 .2176 

8°. 006 

I .5220 

11°. 883 

2  .  000 

17°. 00 

2.500 

25°. 00 

_A_ 
nt  ' 

4-95 
4-93 
501 

5-37 


.66 

.28 

.58 

15 

8.50 

10.00 
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Table  XLVII. — Condtictivity  Measurements. 


/xoo 

0       : 

=  117 

2. 

V. 

lJ.vO°. 

a. 

1313 

90.90 

77-5 

6.57 

85.14 

72.6 

325 

76.00 

64.8 

1.64 

68.60 

58.5 

I-3I 

61  .90 

52.8 

0.90 

55  30 

47.2 

0.82 

52.28 

44-6 

0.65 

45.29 

38.6 

0.50 

34  25 

29.2 

0.40 

26.  II 

22.3 

Table  XLVIII.—Sp 

eciflc  Gravity 

Determinations. 

m. 

Wsol. 

Wsalt. 

Wh^o. 

Correction. 

Percent. 

0.0761 

25 

2314 

0.3477 

24.8837 

0.46 

0. 1522 

25 

5990 

0 

6955 

24  9035 

0.39 

0.3044 

26 

1132 

I 

3910 

24.7222 

I  .  II 

0 . 6088 

27 

2990 

2 

7819 

24-5171 

1-93 

0.761 

27 

7974 

3 

4774 

24.3200 

2  .72 

1.0657 

28 

9284 

4 

8697 

24.0587 

3-76 

1 .2176 

29 

4458 

5 

5638 

23.8820 

4-47 

1.522 

30 

6071 

6 

9548 

23-6523 

4-99 

2  .000 

32 

3305 

9 

1390 

23-1915 

7-23 

2.500 

34 

0932 

II 

4237 

22.6695 

9-32 

3.000 

35 

7096 

13 

7085 

22.0011 

12.00 

3-394 

36 

9512 

15 

5093 

21.4419 

14-23 

Table  XLIX.— Hydrates. 

tn. 

a. 

Iv. 

A 

W.               M.              H. 

ni 

o 

.0761     0 

775 

4-74 

4-95 

4 

93         2. 

14       28.1 

o 

1522     0 

726 

4 

56 

4-93 

4 

91         3- 

96       26.0 

o 

. 3044     0 

648 

4 

27 

5.01 

4 

96         7 

73       25.4 

o 

. 6088     0 

585 

4 

04 

5-37 

5 

27       12 

97       21.3 

o 

.7610     0 

528 

3 

82 

5.66 

5 

51        16 

03       2 1 . 1 

I 

.0654     0 

472 

3 

61 

6.28 

6 

04       22 

35       22.0 

1 

.2176     0 

446 

3 

52 

6.58 

6 

29       24 

46       20.1 

I 

.5220     0 

.386 

3 

30 

7-15 

6 

79       28 

55       18.8 

2 

.000       0 

.292 

2 

95 

8.50 

7 

89       34 

71       17.4 

2 

.500       0 

.223 

2 

69 

i( 

3.  00 

9 

07       39 

08       15.6 
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Copper  Chloride. 

In  the  paper^  to  which  reference  has  already  been  made, 
Jones  and  Getman  attempted  to  calculate  the  approximate  com- 
position of  the  hydrates  formed  by  copper  chloride.  In  this 
calculation  they  had  to  make  use  of  a  part  of  the  data  ob- 
tained from  other  sources. 

We  have  supplied  this  data  for  the  various  solutions,  es- 
pecially the  specific  gravities.  We  encountered  diflSculty  in 
determining  /xoo  for  the  copper  salt.  The  value  given  was  ob- 
tained by  the  conductivity  method,  taking  into  account  the 
hydrolysis  of  copper  chloride  in  dilute  solutions. 

The  hydrating  power  of  copper  chloride  is  larger  than  would 
be  expected  from  its  water  of  crystallization.  The  increase  in 
the  amount  of  combined  water,  with  the  concentration,  is  seen 
in  Table  XLVIII.  and  in  the  curve  in  Fig.  VIII.,  p.  563. 


Table  L. — Freezing-point  Measurements. 


A 

m. 

A. 

m 

0.065 

o°.33i 

5-09 

O.1301 

o°.639 

4.91 

0.2602 

• 

i°.273 

4.89 

0.5204 

2°. 711 

5  29 

0.7806 

4°-4i3 

565 

I. 3010 

8°. 395 

6.45 

1.5612 

10°.  383 

6.65 

1 .8210 

I 2°. 960 

7.12 

2.0816 

I 5° -480 

7-43 

2 . 6020 

20°. 820 

8.00 

3.000 

25°. 50 

8.50 

3-500 

3i°-50 

9.00 

4-371 

44° • 50 

10.19 

1  This  Journal,  31, 

353  (1904). 
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Table  LI. — Conductivity  Measurements. 


fJLCO 


15-30 
7.64 
3.84 
1.92 
1.28 
0.76 
0.64 

0.55 
0.48 
0.38 

0.33 
0.29 
0.23 


o    =  120. 

fiv  0°. 
94.42 
88.06 

78.38 
67.68 

59  30 
48.22 
39  32 
35  02 
30.81 
22.58 
17.48 
1305 
7.61 


a. 
78.7 
73-4 
65 -3 
56.4 
49-4 
40.2 
32.8 
29.2 

25 -7 
18.8 
14.6 
10.9 
6. II 


Table  LII. — Specific  Gravity  Measurements. 


0.0651 
o. 1301 
o . 2602 
0.5204 
0.7806 
I .3010 
I. 5612 
I .8210 
2.0816 
2 . 6020 
3.000 
3  500 
4-371 


Wsol. 

25.1985 
25-3934 
25-7941 
26.5913 
27-3458 
28.8280 
29.5841 
30.2350 
30.9999 
32.4090 
33  -  3949 
34-7877 
36.9809 


Wsalt. 

0.2189 
0.4378 
0.8756 
1.7512 
2.6268 
4-3780 

5  2536 

6. 1231 

7.0048 

8.7492 

10.0875 

II. 8187 

14-6975 


Wh,o. 


24 
24 
24 
24 
24 
24 
24 

24 
23 
23 
23 
22 
22 


.9796 
-9556 
-9185 
.8401 
.7190 
-4500 

-3305 
.1119 

-9951 
.6598 

-3074 
.9690 
■2834 


Correction. 
Per  cent. 

0.08 

0.18 

0.33 
0.64 
I  .  12 
2.20 

2.68 

3-55 
4.02 

5-36 

6.77 

8.01 

10.87 


Table  LI II.— Hydrates. 


o.  1301 
0.2601 
0.5204 
0.7806 
I .3010 
I. 5612 
I .8210 
2.0816 
2 . 6020 
3.000 
3-500 
4371 


0.734 
0.653 
0.564 

0.494 
0.402 
0.328 
0.292 
0.257 
0.188 
o.  146 
o.  109 
0.064 


4-59 
4.29 

3-96 
3-69 
3-36 
3.08 

2.95 
2.82 
2.66 
2.40 
2.27 
2. 10 


A 

nt  ' 
4.91 
4.89 
5.29 
5.65 
6.45 
6.65 
7.  12 

7-43 
8.00 

8.50 

9.00 

10. 17 


M. 


H. 


90 

3- 

87 

6. 

26 

13- 

.59 

18. 

-31 

25- 

-47 

28. 

-87 

30. 

•13 

33- 

•57 

36. 

-92 

38 

.28 

40 

.77 

49 

53 

27.1 

62 

25-4 

73 

26.4 

88 

24.2 

97 

20.0 

94 

18.6 

03 

16.5 

58 

16. 1 

03 

13-9 

72 

12.9 

33 

II-5 

77 

II. 4 
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Copper  Nitrate. 

What  was  said  about  the  earlier  work  on  copper  chloride 
holds  also,  to  some  extent,  for  copper  nitrate.  Jones  and 
Getman*  calculated  the  approximate  composition  of  the  hy- 
drates for  a  few  solutions  of  copper  nitrate.  The  data  used 
were,  however,  partly  taken  from  the  work  of  others  and  in- 
terpolation was  often  necessary. 

We  have  now  obtained,  with  the  same  solutions,  all  the  data 
necessary  for  calculating  the  composition  of  the  hydrates.  We 
encountered  the  same  difl&culty  in  determining  /ago  for  copper 
nitrate  as  for  copper  chloride  and  solved  the  problem,  approxi- 
mately, in  the  same  way.  The  hydrating  power  of  copper  ni- 
trate is  just  about  what  we  should  expect  it  to  be  from  its 
water  of  crystallization  (see  Table  LII.  and  curve  Fig.  XL). 


Fig.  XI. 


1  This  journal,  31,  353  (1904). 
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Table  LIV. — Freezing-point  Measurements. 


m. 


0.0591 

o°.326 

0. II82 

o°.595 

0.2363 

I°.2IO 

0.4726 

2°. 544 

0.9452 

5° • 903 

I.I8I5 

7° -799 

1-6541 

1 2°. 650 

I . 8904 

I 5°  490 

2.3630 

21°. 890 

A 

m  ' 

5-52 
5  03 
512 

5-39 
6.26 
6.60 
7.07 
8.20 
9.26 


Table  LV .—Conductivity  Measurements. 


V. 

16.90 
8.46 

4-23 
2. 12 
1.05 
0.84 
0.60 
0.52 
0.42 


/u,co    O 


118. 


IJ-v 

0°. 

99 

36 

93 

05 

82 

97 

73 

16 

58 

45 

52 

34 

40 

70 

35 

84 

26 

70 

a. 

84.2 

78.9 

70.3 
62.0 

49-5 
44-4 
34-5 
30.4 
22.6 


Table  LVI. — Specific  Gravity  Determinations. 


m. 

Wsol. 

Wsalt. 

WhcO. 

Correction 
Per  cent. 

0.0591 

25-1456 

0.2772 

24.8684 

0.53 

0. 1182 

25-3851 

0.5543 

24 

8308 

0.68 

0.2363 

25-8364 

I. 1086 

24 

7278 

I  .09 

0.4726 

26.7265 

2.2172 

24 

5093 

1-56 

0.9452 

28.5284 

4-4344 

24 

0940 

3-62 

1.1815 

29.3289 

5  5436 

23 

7853 

4.86 

1-6541 

3 1 . 0048 

7-7613 

23 

2435 

7-03 

I . 8904 

31.9184 

8 . 8698 

23 

0486 

7.80 

2    363 

33-6390 

11.0872 

22 

5518 

9-79 

Composition  of  Hydrates. 


579 


M. 


H. 


o.  1182 

0.789 

4.80 

5.03 

5 

00 

2.22 

18 

8 

0.2363 

0.703 

4.48 

5.12 

5 

07 

6.47 

27 

4 

0.4726 

0.620 

4.17 

5.39 

5 

31 

II  .92 

25 

0 

0.9452 

0.495 

3  70 

6.26 

6 

03 

21.47 

22 

7 

I.I8I5 

0.444 

3.51 

6.60 

6 

28 

24.50 

20 

7 

1-6541 

0.345 

3.14 

7.07 

6 

55 

28.92 

17 

5 

I . 8904 

0.304 

2.99 

8.20 

7 

56 

33.58 

17 

7 

2.3630 

0.226 

2.70 

9.26 

8 

35 

37-59 

15 

9 

Table  LVII. — Hydrates. 

L.  ^.  U. 

in 

5.0 
5.1 

5.3 

5.2 

3.6 
7.0 

1.2 
).2 

Sulphuric  Acid. 

The  approximate  composition  of  the  hydrates  formed  by 
sulphuric  acid  between  the  concentrations,  normal  and  4.37 
normal,  was  calculated  by  Jones  and  Getman.^ 

We  desired  to  learn  what  order  of  hydration  existed  in  both 
very  concentrated  and  very  dilute  solutions  of  sulphuric  acid. 
The  freezing-points  of  its  solutions  were  measured  up  to  a  con- 
centration of  5N  by  means  of  an  alcohol  thermometer,  using 
solid  carbon  dioxide  and  alcohol  or  ether  as  the  refrigerating 
agents.  The  results  are  given  in  Table  I^VI.  and  in  the  curve 
(Fig.  XI.,  p.  577). 

In  dilute  solutions  no  water  is  held  in  combination.  From 
about  0.5  to  5N  the  amount  of  combined  water  increases  with 
the  concentration. 

Table  LVHI. — Freezing-point  Measurements. 


A. 


0. 10 

o".397 

0.20 

o°.67o 

0.30 

i°.i56 

0.40 

i°.57o 

0.60 

2°. 440 

0.80 

3° • 300 

1 .00 

4°. 189 

1.50 

7°. 443 

2.00 

11°. 296 

2.50 

16°. 275 

2.73 

21°. 000 

3-28 

2 9°. 000 

3  825 

41°. 000 

4.37 

53° . 000 

4-50 

5 8°. 000 

5.00 

7 6°. 000 

1  Z.  physik.  Chem. 

49, 446  (1904). 

m 
3.968 
3  850 

3  853 
3.920 
4.066 
4-125 
4.189 
4.962 
5.648 
6.510 

7.69 
8.84 
10.72 
12.13 
12.89 
15.20 
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Table  LIX. — Conductivity  Measurements. 

fXQC    0°    =   500. 

V.  ixy  0°.  a. 

10. o  305.0  61.0 

5.0  282.0  56.4 

3-33  280.0  56.0 

2.50  273.6  54.7 

1.67  264.8  52.9 

125  257.0  51.4 

1. 00  253.4  50.7 

0.67  221.25  4425 

0.50  19942  39-9 

0.40  178-79  35-8 

0-37  175-54  35-1 

t            0.30  147-50  29.5 

0.26  127.70  25.5 

0.23  105.50  21. 1 

0.22  100.21  20.0 

0.20  86.97  17.4 


Table  LX. — Specific  Gravity  Measurements. 


■m. 

Wsol. 

Wsalt. 

WhoO. 

Correction, 

Per  cent. 

O.I 

25.1307 

0.2452 

24-8855 

0.46 

0.2 

25-2355 

0 . 4904 

24-7451 

I  .02 

0.3 

25.4205 

0.7356 

24 . 6849 

I  .26 

0.4 

25-5761 

0.9808 

24-5953 

I  .62 

0.6 

25-8572 

I. 4712 

24.3860 

2.46 

0.8 

26.1187 

I .9616 

24-1571 

3-37 

1. 00 

26.5028 

2.4520 

24.0508 

3-80 

1.50 

27-2753 

3-6780 

23-5973 

5.61 

2.00 

27.9968 

4 . 9040 

23.0928 

763 

2.50 

28.7102 

6. 1300 

22.5802 

9.68 

2.73 

28.9777 

6.6885 

22.2892 

10.84 

3.28 

29.8027 

8 . 0360 

21 .7667 

12.53 

3825 

30.4816 

9-3836 

2 1 . 0980 

15.61 

4-37 

31.1640 

10.7065 

20.4575 

18.17 

4-50 

31.5062 

11.0340 

20.4722 

18. II 

50 

31-9335 

12.2600 

19-6735 

21 .26 
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Table  LXL— Hydrates. 

m. 

a. 

Iv. 

A 
m 

U. 

M. 

H. 

O-  10 

0.610 

4-13 

3.968 
3  850 

3-853 
3-920 
4.066 

7,  ,QK 

0.20 

0.  564 

3-96 

0  ' 

3 
3 
3 
3 

81 

0.  30 

0.  560 

3-94 

80 

0.40 
0.60 

0.547 
0.529 

3.89 
3-83 

86 

97 

I  .96 

3 

3 

0.80 

0-514 

3-77 

4-125 

3 

99 

3-12 

3 

9 

1 .00 

0.507 

3-75 

4.189 

4 

03 

3-86 

3 

9 

1.50 

0.443 

3-52 

4.962 

4 

68 

13-17 

9 

2 

2.00 

0.399 

3-27 

5-648 

5 

22 

20.75 

10 

4 

2.50 

0.358 

3-19 

6.510 

5 

81 

25-42 

10 

2 

2.73 

0.351 

3-17 

7.690 

6 

86 

29.88 

10 

6 

3-28 

0.295 

2.96 

8.840 

7 

IZ 

34.28 

10 

4 

3-825 

0.255 

2.81 

10.720 

9 

05 

38.31 

10 

0 

4-37 

0.2II 

2  .64 

12.130 

9 

93 

40.79 

9 

4 

4-50 

0.200 

2.60 

12.890 

10 

56 

41.88 

9 

3 

5- 00 

0.174 

2-51 

15.200 

II 

97 

43-95 

8 

6 

General  Discussion  of  the  Results. 

It  must  be  remembered  that  the  problem  of  calculating  even 
the  approximate  composition  of  the  hydrates  existing  in  solu- 
tion is  difficult.  Some  of  these  difficulties  have  already  been 
mentioned.  Certain  assumptions  must  be  made  which  are 
only  approximately  true.  This  is  the  case  especially  with  the 
law  of  Raoult,  which  probably  does  not  hold  rigidly  for  con- 
centrated solutions.  Further,  it  has  already  been  pointed  out 
that  the  conductivity  method  is  only  a  rough  measure  of  the 
dissociation  in  concentrated  solutions. 

Taking  all  of  the  difficulties  into  account,  we  are  still  of  the 
opinion  that  we  can  get  a  fairly  good  idea  as  to  the  composition 
of  the  hydrates,  formed  by  the  various  electrolytes,  in  aqueous 
solutions  of  different  concentrations. 

An  examination  of  the  results  recorded  in  this  paper  will 
show  that  the  amount  of  water,  held  in  combination  by  the 
dissolved  substance,  increases  as  the  concentration  of  the  solu- 
tion increases.  This  is,  of  course,  what  would  be  expected  in 
terms  of  mass  action. 

The  number  of  molecules  of  water  in  combination  with  i 
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molecule  of  the  dissolved  substance  sometimes  increases  from 
the  most  concentrated  to  the  most  dilute  solution,  as  with 
magnesium  chloride  and  bromide,  manganese  chloride,  nickel 
chloride  and  copper  chloride. 

With  some  substances  the  number  of  molecules  of  water  held 
in  combination  by  i  molecule  of  the  dissolved  substance  may 
pass  through  a  well-defined  maximum  as  the  dilution  is  in- 
creased. In  other  cases,  the  number  of  molecules  of  water 
held  in  combination  by  i  molecule  of  the  dissolved  substance 
may  reach  a  maximum  value  as  the  dilution  is  increased  ;  this 
maximum  value  may  then  remain  practically  constant  with 
further  increase  in  the  dilution.  Examples  of  all  of  these  con- 
ditions are  to  be  found  in  the  substances  discussed  in  this 
paper.  The  probable  explanation  of  these  facts  will  appear 
in  a  subsequent  communication. 

An  examination  of  the  curves,  Figs.  V.  to  XI.,  will  show 
that  they  are  all  of  the  same  general  type.  These  express  the 
relation  between  the  total  amount  of  water  in  combination  and 
the  concentration  of  the  solution.  This  resemblance  in  type 
is  what  we  would  expect,  because  the  total  amount  of  water 
held  in  combination  by  the  dissolved  substance  is  undoubtedly 
subject  to  the  law  of  mass  action. 

Nature  of  the  Compounds  Formed. 

The  question  arises  whether  these  hydrates  are  true  chem- 
ical compounds,  as  that  term  is  ordinarily  used,  or  whether 
they  represent  some  less  stable  form  of  combination  ?  That 
they  are  unstable  is  shown  by  the  ease  with  which  they  are 
broken  down  by  heat.  Most  of  the  water  can  be  driven  off, 
from  the  above  solutions,  at  a  temperature  only  a  little 
above  100°.  The  more  complex  hydrates  are,  then,  decom- 
posed in  solution  at  a  comparatively  low  temperature  and  the 
water  given  off  in  the  form  of  vapor.  In  the  light  of  these 
facts  the  hydrates  can  scarcely  be  regarded  as  true  chemical 
compounds.  If,  however,  we  insist  on  calling  them  chemical 
compounds,  we  must  admit  that  they  represent  a  very  low 
order  of  stability. 
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A  New  Line  of  Evidence  for  the  Theory, 

The  hydrates  in  solution  are,  as  we  have  just  seen,  very  un- 
stable at  the  higher  temperatures.  These  hydrates  become  more 
and  more  stable  the  lower  the  temperature.  Hence,  we  might  ex- 
pect dissolved  substances  to  be  capable  of  bringing  more  and 
more  water  with  them  out  of  solution,  the  lower  the  tempera- 
ture at  which  the  crystals  were  formed. 

An  examination  of  the  literature  shows  that  this  is  the  case. 
There  is  a  comparatively  large  number  of  cases  on  record  of 
salts  crystallizing  with  diflferent  amounts  of  water  ;  the  lower 
the  temperature  at  which  the  crystals  were  formed,  the  larger 
the  number  of  molecules  of  water  of  crystallization. 

This  is  exactly  what  we  should  expect  from  our  theory  of 
hydrates  in  aqueous  solutions  and  from  the  increased  stability 
of  these  hydrates  as  the  temperature  is  lowered. 

While  the  number  of  cases  on  record  bearing  on  this  point 
is  large,  we  hope  to  be  able  to  increase  it  in  the  near  future. 
We  shall  make  a  systematic  study  of  the  problem  in  this 
laboratory,  to  see  how  greatly  water  of  crystallization  may  be 
varied  by  crystallizing  the  salt  at  as  widely  different  tempera- 
tures as  possible. 

Do  Ions  or  Molecules  Form  Hydrates  ? 

We  are  still  of  the  same  opinion  as  was  expressed  in  the  last 
communication^  on  this  subject,  that  both  the  molecules  and 
ions  combine  with  water  forming  hydrates.  It  seems  that  the 
molecules  are  certainly  capable  of  forming  hydrates,  because, 
in  very  concentrated  solutions,  where  the  molecules  are  pres- 
ent in  large  quantities,  we  often  have  considerable  hydration  and, 
further,  Jones  and  Getman*  have  shown  that  certain  non-elec- 
trolytes, such  as  glycerol,  acetamide,  fructose,  etc.,  which  are 
undissociated,  still  have  the  power  of  combining  with  water  in 
solution,  forming  hydrates  of  even  a  high  order  of  complexity. 

That  ions  are  capable  of  combining  with  water  in  solution, 
is  shown  by  the  magnitude  of  the  hydration  in  many  of  the  di- 
lute solutions,  where  chiefly  ions  and  only  a  few  molecules  are 
present. 

1  Jones  and  Getman  :  Z.  physik.  Chem.,  49,  451  (1904). 
*  This  Journal,  33,  308  (1904). 
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Attention  should  be  called  to  the  fact  that,  in  the  preceding 
tables,  the  number  of  molecules  of  water  in  combination  with 
I  molecule  of  the  dissolved  substance  is  calculated  for  a  mole- 
cule of  the  dissolved  substance.  If  this  molecule  is  dissociated 
into  2,  3,  or  4  ions,  the  number  given  in  column  H  in  the 
tables  would  have  to  be  divided  by  2,  3,  or  4,  in  order  to  as- 
certain how  many  molecules  of  water  were  in  combination 
with  an  ion  resulting  from  the  dissociation  of  the  molecule  in 
question. 

The  Old  and  the  New  Hydrate  Theory. 

The  theory  of  hydrates  in  aqueous  solution  that  we  believe 
to  have  established  by  the  work,  of  which  this  is  only  a  chap- 
ter, is  to  be  sharply  distinguished  from  the  old  hydrate  theory 
of  Mendeleeff,  which,  having  long  since  been  shown  to  be  un- 
tenable, has  been  abandoned.  According  to  the  older  theory, 
when  a  substance,  like  calcium  chloride,  is  dissolved  in  water, 
there  are  formed  certain  definite  chemical  compounds,  with 
perfectly  definite  amounts  of  water. 

According  to  the  theory  established  by  this  work,  the  com- 
pounds formed  are,  at  best,  very  unstable  and  vary  in  combina- 
tion all  the  way  from  i  molecule  of  water  to  a  very  great 
number.  The  composition  of  the  hydrate  formed  by  any 
given  substance  is  purely  a  function  of  the  concentration  of  the 
solution,  or  is  determined,  as  we  say,  by  the  effect  of  mass 
action.  Thus,  the  composition  of  the  hydrates  formed  by  cal- 
cium chloride  may  vary  all  the  way  from  a  few  molecules  of 
water  up  to  at  least  30  molecules  and  may  have  all  intermediate 
compositions,  depending  solely  upon  the  concentration,  tem- 
perature being,  of  course,  understood  to  be  constant. 

It  is  thus  obvious  that  the  older  and  the  newer  hydrate 
theories  are  fundamentally  different  in  character. 

Summary. 

I.  Some  of  the  evidence  for  the  existence  of  hydrates  in 
aqueous  solutions  of  electrolytes  has  already  been  pointed  out 
in  earlier  papers.  The  most  direct  and  convincing  evidence  is 
to  be  found  in  the  relation  between  the  water  of  crystallization 
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and  the  magnitude  of  the  freezing-point  lowering.  The  plates 
of  curves  that  bring  out  this  relation,  together  with  a  brief 
discussion  of  the  results,  are  given  at  the  beginning  of  the 
present  paper. 

2.  The  chief  object  of  this  part  of  the  investigation  is  to  cal- 
culate, as  closely  as  possible,  the  amount  of  water  that  is  in 
combination  with  the  dissolved  substance  at  the  various  con- 
centrations of  the  solutions.  In  the  earlier  preliminary  calcu- 
lations certain  assumptions  had  to  be  made,  for  lack  of  suffi- 
cient data.  This  data  we  have  now  supplied,  as  far  as  possi- 
ble, for  15  of  the  electrolytes  with  which  we  had  already 
worked. 

3.  The  amount  of  water  held  in  combination  by  the  dis- 
solved substance  increases  with  the  concentration  of  the  solu- 
tion. That  this  increase  is  regular,  to  within  the  limits  of 
experimental  error,  is  shown  by  the  curves,  Figs.  V.  to  XI. 

4.  The  amount  of  water  combined  with  i  molecule  of  the 
dissolved  substance,  in  some  cases  increases  from  the  most  con- 
centrated to  the  most  dilute  solution.  In  other  cases  it  passes 
through  a  maximum,  in  still  others  it  acquires  a  maximum 
value,  which  remains  practically  constant  with  further  increase 
in  the  dilution  of  the  solution. 

General  Significance  of  the  Results. 

These  results  certainly  have  a  direct  bearing  on  the  whole 
subject  of  solutions.  They  afford,  at  least,  a  partial  explanation 
of  the  apparent  failure  of  the  gas  laws  to  hold  for  concentrated 
solutions.  Such  solutions  are  obviously  much  more  concen- 
trated than  we  should  suppose  them  to  be  from  the  amount  of 
dissolved  substance  that  is  present  in  them.  A  part  of  the 
water  present  being  in  combination,  there  is  just  so  much  less 
water  left  in  the  solution  to  play  the  r61e  of  solvent  and  the 
solution  is  concentrated  by  just  this  amount.  In  the  case  of 
nearly  every  substance  which  crystallizes  with  a  large  amount 
of  water,  this  change  in  concentration  is  large  and,  in  many 
cases,  of  enormous  magnitude. 
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Future  Work. 

We  shall  take  up  a  much  larger  number  of  substances  ;  at 
first  those  for  which  data  have  been  partially  determined  in 
earlier  investigations  in  this  laboratory  and  calculate,  as  closely 
as  possible,  the  composition  of  the  hydrates  formed.  We 
shall  then  bring  within  the  scope  of  this  investigation  many 
new  substances  upon  which  we  have  not  yet  had  time  to 
work. 

We  propose  also  to  study  the  effect  of  one  substance,  with 
large  hydrating  power,  upon  another  with  smaller  power  to 
form  hydrates,  when  both  are  simultaneously  present  in  the 
solution.  Indeed,  the  number  of  problems  that  are  opened  up 
as  the  result  of  showing  that  combination  between  solvent 
and  dissolved  substance  takes  place,  is  almost  unlimited. 

We  propose  to  extend  this  work  much  farther,  to  solvents 
other  than  water. 

This  investigation  was  carried  out  under  a  grant  from  the 
Carnegie  Institution,  to  which  we  take  this  opportunity  of  ex- 
tending our  thanks. 

Chemical  Laboratory, 

Johns  Hopkins  Univ., 

December,  1904. 


THE  HYDRAZINE  DERIVATIVES  OF  TETRACHI.OR- 
PHTHALIC  ACID. 

By  Isaac  King  Phelps. 

At  the  suggestion  of  Professor  Theodor  Curtius,  the  follow- 
ing investigation  of  hydrazine  derivatives  of  tetrachlorphthalic 
acid  was  undertaken.  A  considerable  part  of  the  work  was 
done  in  the  laboratory  of  the  University  of  Heidelberg,  in  the 
summer  semester  of  1902. 

These  hydrazine  derivatives  of  tetrachlorphthalic  acid  ap- 
pear to  follow  the  typical  reactions  of  hydrazine  derivatives  of 
organic  dibasic  acids, ^  in  general  methods  of  formation,  giv- 
ing substances  of  the  primary  type, 

/CO— NH— NH, 

R< 

^CO— NH— NH, 

and  also  the  usual  secondary  hydrazides  of  the  type 

1  Curtius,  Schofer  and  Schwan  :  J.  pralct.  Chem.,  51,  187(1895).  Curtius  and  FoerS' 
terling  :  /bid.,  51,  371  (1895). 
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/CO— NH 

R<  I     . 

^CO— NH 

with  characteristic  acid  properties.  Both  classes  of  deriva- 
tives of  this  acid  are  characterized  by  high  melting-point, 
stability  and  inertness. 

The  neutral  ester  of  tetrachlorphthalic  acid,  prepared  by 
acting  upon  the  silver  salt  of  the  acid  with  ethyl  iodide  and 
crystallizing  from  alcohol,  reacts  very  slowly  with  hydrazine 
hydrate.  The  product  proved  to  be  the  primary  hydrazide  of 
the  acid,  combined  with  i  molecule  of  hydrazine.  In  general, 
the  primary  hydrazides^  of  organic  dibasic  acids  are  basic  in 
properties,  forming  compounds  with  2  molecules  of  a  mono- 
basic acid,  but  the  primary  hydrazide  of  tetrachlorphthalic  acid 
shows  acidic  power  in  combining,  as  it  does,  with  the  strongly 
basic  hydrazine.  Further,  the  substance  so  formed  is  quite 
stable  toward  heat,  showing  an  effect  first  at  290°  ;  bj^  treat- 
ment with  aqueous  hydrochloric  acid  it  loses  the  molecule  of 
hydrazine  of  combination,  but  does  not  take  up  halogen  acid, 
even  when  treated  with  acid  of  1.20  sp.  gr. 

The  acid  ester  of  tetrachlorphthalic  acid  was  prepared  by 
boiling  tetrachlorphthalic  acid  with  absolute  alcohol.  When 
this  product  was  treated  with  hydrazine  hydrate  the  reaction 
was  slow,  resulting  finally  in  the  formation  of  a  number  of 
substances.  Although  tried  under  varying  conditions,  no  defin- 
ite new  derivatives  were  isolated. 

By  treating  tetrachlorphthalic  acid  with  hydrazine  hydrate 
and  heating,  the  secondary  hydrazide  results.  It  is  also  a 
stable  substance,  acts  as  a  weak  monoacidic  base  and  dissolves 
in  aqueous  potassium  or  sodium  hydroxide  solutions,  but  not 
in  sodium  carbonate  or  ammonium  hydroxide  solutions. 

EXPERIMENTAL. 

Primary  Hydrazide  Combined  with  Hydrazine, 
CgCl,(CONHNH,),.N,H,.— Diethyl  tetrachlorphthalate    (0.75 
gram)  was  heated  with  0.26  gram  of  hydrazine  hydrate  (b.  p. 
119°)  (i  mol.  :  I  mol.)  with  i  cc.  of  ether,  in  a  sealed  tube,  at 

1  Loc.  cit. 
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ioo°,  for  lo  hours.  The  yellow  crystals  which  had  separated 
were  filtered  ofif  and  washed  with  ether,  in  which  they  were  in- 
soluble ;  from  the  filtrate  and  ether  washings  0.5  gram  of  solid 
material  was  obtained  which  was  crystallized  once  from  alco- 
hol and  was  recognized  by  the  melting-point,  59°,  as  composed 
chiefly  of  unchanged  ester.  The  yellow,  crystalline  material, 
insoluble  in  ether,  was  found  to  be  slowly  and  difficultly 
soluble  in  hot  alcohol,  from  which  it  crystallized,  on  cooling, 
in  fine,  feathery  needles.  It  charred  slowly  at  290°-300°, 
without  melting.     Analysis  : 

0.0812  gram  substance  gave  17  cc.  moist  N  at  20°  and  755.6 
mm. 

Calculated  for 

C8H10O2CI4N0.  Found. 

N  23.12  23.81 

Primary  Hydrazide,  CgCl.CCONHNHj)^. — The  hydrazine 
salt  of  the  primary  hydrazide  above  described  was  treated  with 
a  hot  alcoholic  solution  of  hydrochloric  acid,  in  excess  and 
boiled  ;  the  yellow  substance  lost  its  color  but  remained  insol- 
uble. It  was  filtered  off,  washed  and  dried  in  vacuo.  It  was 
insoluble  in  the  common  organic  solvents  and  also  in  concen- 
trated hydrochloric  acid.     Analysis  : 

0.1849  gram  substance  gave  29  cc.  moist  N  at  23°  and  758 
mm. 

Calculated  for 
C8H6C1402N4.  Found. 

N  16.90  17-63 

Secondary  Hydrazide,  CgCl/CONH),.  — Tetrachlorphthalic 
acid  (5  grams)  and  hydrazine  hydrate  (1.23  grams)  (i  mol  : 
1.5  mol.)  were  heated  together  under  a  return  condenser,  in  an 
oil-bath,  at  i4o°-i50°  for  half  an  hour.  The  cooled,  slightly 
yellow  residue  was  thoroughly  extracted  with  hot  water. 
The  product  was  insoluble  in  the  common  organic  sol- 
vents— excepting  only  glacial  acetic  acid,  from  which  it  was 
obtained  in  pale  yellow  crystals,  on  cooling  the  hot  solution.  It 
melted,  with  slight  decomposition,  at  286^-287°  and  dissolved 
in  aqueous  sodium  and  potassium  hydroxide  solutions,  from 
which  it  was  precipitated,  unchanged,  by  acids.     Analysis  : 
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0.1774  gram  substance  gave  14.8  cc.  moist  N  at  21°  and  754 
m. 


Calculated  for 
C8H2O2N2CI4.  Found. 

N  9.36  9.42 

0.1673  gram  substance  gave  0.3 161  gram  AgCl  (Carius). 

Calculated.  Found. 

CI  46.85  47.28 

The  Diacetyl  Derivative,  CeCl.CCONCOCHj)^.— The  second- 
ary hydrazide  (2  grams)  and  acetic  anhydride  (4  grams)  (i 
mol.  :6mol.)  were  boiled  for  3  hours,  under  a  return  con- 
denser. The  solid  material,  formed  on  cooling,  was  crystal- 
lized twice  from  alcohol.     It  melted  at  203°-204°.     Analysis  : 

0.1690  gram  substance  gave  11  cc.  moist  N  at  17"  and  755 
mm. 

Calculated  for 

C10H6O4N2CI4.  Found. 

N  7.32  7.50 

The  Sodium  Salt  of  the  Secondary  Hydrazide, 
C6Cl4(CON)2HNa. — The  crude,  secondary  hydrazide  (3  grams) 
was  dissolved  in  a  slight  excess  of  sodium  hydroxide  solution, 
precipitated  with  aqueous  hydrochloric  acid  and  washed  care- 
fully on  a  filter.  The  freshly  prepared  material  was  treated  with 
sodium  hydroxide  solution,  made  by  treating  the  metal  with 
alcohol  and  diluting  with  water,  in  amount  insufficient  to  dis- 
solve it.  The  excess  of  the  hydrazide  was  filtered  off,  the  fil- 
trate evaporated  and,  finally,  the  solid  dried  in  a  vacuum,  over 
sulphuric  acid.     Analysis  : 

0.2520  gram  salt  gave  0.0546  gram  Na^SO^. 

Calculated  for 
C8HCl40oN2Na.  Found. 

Na  7.16  7.02 

The  Potassium  Salt  of  the  Secondary  Hydrazide, 
CgClXC0N)2HK. — The  potassium  salt  was  similarly  prepared 
— with  the  single  exception  that  commercially  pure  hy- 
droxide was  used,  instead  of  that  obtained  from  the 
metal.  This  product  differed  from  the  sodium  salt  in  being 
slightly  more  readily  soluble  in  water.     Analysis  : 
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0-2I53  gram  salt  gave  0.0551  gram  KjSO^. 

Calculated  for 

CsHCUOoNjK.  Found. 

K  11.58  "-49 

The  Silver  Salt  of  the  Secondary  Hydrazide, 
CgCl^(CON).^HAg. — The  sodium  salt  was  dissolved  in  water 
and  treated  with  a  slight  excess  of  a  solution  of  silver  nitrate. 
The  white  precipitate  was  filtered  off,  washed  carefully  with 
water  and  dried  in  darkness,  over  sulphuric  acid,  in  a  vacuum. 
Analysis  : 

0.1 198  gram  salt  gave  0.0413  gram  AgCl. 

Calculated  for 

CgHCUOoNjAg.  Found. 

Ag  26.50  ,         26.95 

Ethyl  Carboxylafe  of  the  Secondary  Hydrazide, 
C6Cl^(CON)jHCOOC2H5.— A  mixture  of  2  grams  of  the  sil- 
ver salt  with  10  cc.  of  ethyl  chlorcarbonate  was  boiled  under  a 
return  condenser,  for  8  hours  ;  the  excess  of  ester  wa  allowed 
to  evaporate  spontaneously  and  the  solid  residue  extracted 
with  hot  alcohol.  The  white,  prismatic  crystals,  which  ap- 
peared on  cooling  the  solution,  melted  at  244°-245°.  Analy- 
sis : 

0.1420  gram  substance  gave  9.9  cc.  moist  N  at  20°  and  760.5 
mm. 

Calculated  for 
CnH604Cl4N2.  Found. 

N  7.55  7.98 

Although,  in  the  benzene  nucleus  of  the  compounds  above 
described,  chlorine  is  fully  substituted  and  although  hydrazine 
hydrate  is  a  strong  base,  in  no  case  was  an  indication  observed 
of  a  reaction  between  the  hydrazine  and  the  halogen  in  the 
ring. 

The  author  gratefully  acknowledges  his  indebtedness  to- 
Professor  Theodor  Curtius  for  many  helpful  suggestions. 

Kent  Chemical  Laboratory, 
New  Haven,  Conn. 


AN  ELECTRICAL  METHOD  FOR  THE  COMBUSTION 
OF  ORGANIC  COMPOUNDvS. 

By  H.  N.  Morse  and  L.  S.  Taylor. 

The  process  for  the  analysis  of  organic  compounds,  which  is 
here  described,  has  been  in  general  use  in  this  laboratory  dur- 
ing the  past  year  and  with  such  satisfactory  results  that  it  has 
almost  wholly  supplanted  the  older  method  of  burning  organic 
compounds.  It  has  already  been  applied  to  the  combustion  of 
hydrocarbons  and  their  oxygen,  halogen,  nitrogen  and  sulphur 
derivatives.  The  advantages  which  it  has  been  found  to  pos- 
sess, over  the  usual  method,  are  the  following:  (i)  The  ap- 
paratus required  is  so  compact  and  of  such  small  dimensions, 
that  the  combustions  can  be  made  at  the  working  table  of  the 
student ;  (2)  the  waste  of  heat  energy  is  much  smaller  ;  (3) 
the  time  consumed  in  preparing  for  and  in  making  a  combus- 
tion is  considerably  diminished. 

Fig.  I.  (p.  594)  represents  the  apparatus  in  its  simplest  form. 
The  thin  glass  combustion  tube  is  closed  at  one  end  and  has 
a  length  of  350  mm.  and  an  internal  diameter  of  15  mm. 
Through  the  rubber  stopper  in  its  open  end  there  pass  :  (i) 
The  porcelain  tube  c,  which  has  a  length  of  250  mm,  and  a 
diameter  of  6  mm.  ;  (2)  the  glass  tube  k,  through  which  the 
products  of  combustion  enter  the  absorption  apparatus  ;  (3) 
the  rather  stout  platinum  wire  (No.  18  B  &  S  gauge),  which 
extends  from  /  to  j.  The  porcelain  tube  c  is  joined  outside  of 
the  stopper,  by  means  of  rubber  tubing,  to  the  branched  glass 
tube  d.  The  latter  is  provided  with  a  stopper,  g,  through  which 
passes  the  platinum  wire  e  (also  No.  18),  which  extends  into 
the  porcelain  tube  to  the  point  h,  where  it  is  joined  to  a  smaller 
platinum  wire  (about  No.  29,  B  &  S  gauge).  The  smaller 
wire  has  a  length  of  about  1.75  meters  and  weighs,  approxi- 
mately, 2.5  grams.  It  extends,  from  its  junction  with  the 
larger  wire  at  h,  through  the  porcelain  tube  to  the  inner  end  of 
the  latter  and  then  returns  on  the  outside,  in  a  series  of  sus- 
pended coils  ,  to  the  point  ;,  where  it  joins  the  larger  wire  /. 
Thicker  wire  is  used  from  /  to  ;  and  from  e  to  h  in  order  to 
avoid  any  overheating  of  the  rubber  stopper  by  the  current. 


592  Morse  and  Taylor. 

The  roll  of  copper  wire  gauze  b,  about  60  mm,  in  length,  is  in- 
serted between  the  end  of  the  porcelain  tube  and  the  boat  con- 
taining the  substance  to  be  burned. 

The  oxygen  or  air,  which  is  used  in  the  combustion,  enters 
the  apparatus  at  d  and  while  passing  over  the  portion  of  the 
small  wire  which  is  within  the  porcelain  tube,  has  its  tempera- 
ture raised  more  or  less,  according  to  the  rate  of  its  flow.  It 
is,  therefore,  already  hot  when  it  enters  the  tube  c,  where  the 
combustion  is  to  be  effected.  The  excess  of  the  oxygen  and 
the  products  of  the  combustion  pass  together  over  the  heated 
coils  on  the  outside,  completing  the  burning  of  any  unoxidized 
material  coming  from  the  rear. 

In  the  earlier  work  with  this  apparatus  we  employed  stems 
of  long  clay  tobacco  pipes,  but,  owing  to  the  highly  porous 
character  of  this  material,  it  was  found  necessary,  in  order  to 
obtain  satisfactory  determinations  of  hydrogen,  to  dry  out  the 
tube  each  time  before  beginning  a  combustion.  We  after- 
wards substituted  for  the  pipe  stems  unglazed  porcelain  tubes, 
which  were  made  for  us  at  the  Royal  Berlin  Porcelain  Works. 
These  have  proved  very  durable  and  they  are  not,  of  course, 
hygroscopic  to  an  appreciable  degree.  None  of  these  porcelain 
tubes  has  yet  cracked,  though  some  of  those  in  use  have  served 
for  more  than  a  hundred  combustions. 

The  roll  of  copper  wire  gauze,  b,  is  not  absolutely  necessary 
when  the  substances  to  be  burned  do  not  readily  yield  explo- 
sive mixtures  with  oxygen  and,  in  our  earlier  work,  it  was 
omitted.  Its  presence  is,  however,  of  advantage  because  much 
less  care  is  required  in  the  management  of  the  combustion  with 
it  than  without  it.  If  the  substances  are  liquids,  or  if  they 
readily  yield  large  quantities  of  inflammable  vapors  when 
heated,  the  roll  of  wire  gauze  must  be  inserted  between  the 
material  and  the  end  of  the  porcelain  tube  through  which  the 
oxygen  enters.  There  is  one  objection  and  only  one,  to  its 
use,  this  is  that  the  flow  of  oxygen  or  air  must  be  continued 
for  some  time  after  the  completion  of  the  combustion,  in  order 
to  insure  the  removal  of  all  of  the  carbon  dioxide  and  water 
from  the  space  occupied  by  the  boat. 
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The  combustion  is  conducted  in  the  following  manner : 
Having  placed,  in  the  positions  indicated  in  the  figure,  the 
boat  containing  the  material  and  the  roll  of  copper  wire  gauze 
(which,  in  the  beginning,  may  or  maj-  not  be  oxidized)  and 
having  joined  the  tube  fe  to  the  usual  train  of  absorption  ap- 
paratuses, a  slow  current  of  dry  and  purified  oxygen  is  admitted 
and  the  electric  circuit  is  closed  through  a  regulating  rheostat. 
The  flow  of  the  current  is  gradually  increased  until  the  wire 
coils  assume  a  bright  red  coior,  then  the  roll  of  gauze,  h,  is 
heated  b\^  means  of  a  gas  lamp  giving  abroad,  thin  flame,  to  a 
temperature  at  which  the  copper  is  readily  oxidized  by  the  hot 
oxygen  issuing  from  the  porcelain  tube.  The  substance  in  the 
boat  is  then  heated  with  the  same  lamp,  or  with  another  which 
is  held  in  the  hand.  The  rate  of  heating  and  the  flow  of  oxy- 
gen are  so  regulated  with  respect  to  each  other  that  at  least 
one-half  of  the  roll  of  wire  gauze  is  kept  in  the  oxidized  con- 
dition during  the  entire  combustion.  After  the  formation  of 
volatile  products  has  ceased,  the  reoxidation  of  the  copper  pro- 
gresses rapidly  and  the  oxygen  enters  the  rear  compartment, 
burning  any  residue  of  carbon  in  the  boat  or  upon  the  glass. 
Having  finished  the  combustion  of  the  substance,  the  current 
of  oxygen  is  replaced  by  one  of  dried  and  purified  air,  the  flow 
of  which  must,  of  course,  be  continued  until  the  products  of 
combustion  have  all  been  expelled  from  the  space  behind  the 
roll  of  wire  gauze.  It  is  here  that  a  miscalculation  is  likelj'  to 
be  made.  The  time  required  for  the  complete  removal  of  these 
products  depends,  principally,  upon  the  freedom  of  diffusion 
through  the  gauze  and  for  this  reason  it  should  not  be  rolled 
too  tightly. 

The  apparatus,  as  already  described,  is  adapted  to  the  com- 
bustion of  those  solids  and  liquids  which  consist  of  carbon  and 
hydrogen,  or  of  carbon,  hydrogen  and  oxygen. 

The  heating  of  the  roll  of  wire  gauze  h,  and,  at  times,  of  the 
substance  also,  is  facilitated  by  inverting  over  the  tube,  at  a 
little  distance  above  it,  a  trough  of  asbestos  board,  the  side  of 
the  trough,  at  the  back,  being  much  deeper  than  that  in  front. 
This  arrangement  is  supported  in  its  position  by  a  rod,  which 
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is  inserted  in  a  heavy  block,  resting  upon  the  work  table  be- 
hind the  tube.  The  device  is  also  of  advantage  in  protecting 
the  tube  from  draughts  of  cold  air  during  the  combustion  and 
during  the  subsequent  cooling  period.  The  portion  of  the 
glass  tube  which  is  occupied  by  the  porcelain  tube  and  the 
platinum  wire  is  protected,  on  the  bottom,  by  a  semi-circular 
strip  of  asbestos  board  which  is  inserted  in  the  clamp  between 
the  lower  jaw  and  the  glass.  To  protect  the  upper  portion  of 
the  tube  in  the  same  region,  a  semi-circular  trough  of  mica  is 
inverted  over  it,  behind  the  clamp,  in  such  a  manner  that  the 
lower  edges  of  the  mica  rest  in  the  asbestos  trough  below. 
The  mica  is  made  to  keep  its  curved  form  by  riveting  it  to  nar- 
row strips  of  metal  and  then  bending  the  latter  to  the  required 
shape. 

The  cooling  of  the  tube  requires  some  care.  The  current 
should  be  reduced  quite  gradually  and  it  is  well,  also,  as  soon 
as  the  combustion  is  finished,  to  cover  the  portions  of  the  glass 
tube  which  is  beyond  the  porcelain  one  with  the  soot  from  a 
smoky  flame  and  to  take  any  other  measures  for  the  protection 
of  the  tube  which  will  contribute  toward  the  proper  annealing 
of  the  glass.  Care  must  likewise  be  taken  never  to  allow  the 
platinum  loops  to  come  in  contact  with  the  glass  either  while 
heating  or  cooling  the  tube,  because,  in  the  former  case,  the 
metal  is  likely  to  stick  to  the  glass,  while,  in  the  latter,  the 
tube  is  quite  sure  to  crack  at  some  lower  temperature.  If  the 
loops  are  too  large,  the  wire  should  be  taken  out  and  rewound. 

The  time  required  for  a  combustion  does  not,  ordinarily,  ex- 
ceed half  an  hour  and  it  may  be  reduced  to  20  minutes,  or 
even  less,  if  the  substance  to  be  burned  is  of  such  a  character 
that  the  roll  of  wire  gauze  can  be  dispensed  with.  We  do  not, 
however,  recommend  its  omission  at  any  time,  except  to  those 
who  have  had  some  experience  with  the  method. 

The  consumption  of  electrical  energy  is  small,  amounting  to 
about  3.6  amperes  at  54  volts  (194.4  watts,  or  one-third  of  a 
horse  power)  during  the  time  when  the  highest  temperature  is 
maintained. 

At  the  highest  temperatures  employed  during  the  combus- 
tion (at  a  bright  red,  but  not  a  white  heat),  especially  when 
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the  wire  is  new,  there  is  a  sensible  volatilization  of  the  plati- 
num. This  volatilization  of  platinum  in  an  atmosphere  of 
oxygen,  at  comparatively  moderate  temperatures,  has  been  re- 
peatedly noticed  by  others.  In  one  case,  a  platinum  wire 
weighing,  in  the  beginning,  2.3446  grams  was  found,  at  the 
end  of  the  thirty-eighth  combustion,  to  have  lost  0.1337  gram 
in  weight.  The  volatilized  metal  settles  upon  the  surfaces  of 
the  glass  and  porcelain  tubes  as  a  dark  deposit  which,  at  first, 
may  be  mistaken  for  carbon.  The  presence  of  such  films  of 
volatilized  platinum  upon  the  inner  surface  of  the  tube  is,  of 
course,  of  some  assistance  in  the  combustion. 

The  obvious  objections  to  the  use  of  the  short  closed  com- 
bustion tube  represented  in  Fig.  I.  are  the  following  :  In  the 
first  place,  whenever  the  boat  is  to  be  introduced  or  with- 
drawn, it  is  necessary  to  remove  and  reinsert  the  rubber  stopper 
with  the  tubes  and  wires  which  pass  through  it  and  also  the 
roll  of  wire  gauze  and,  during  such  manipulation,  the  wire 
loops,  which  should  be  distributed  uniformly  along  the  porce- 
lain tube,  are  easily  displaced  and  may  become  entangled. 
Again,  as  previously  mentioned,  the  flow  of  air  must  be  con- 
tinued for  some  time  after  the  combustion  is  otherwise  finished, 
in  order  to  insure  the  complete  removal  of  carbon  dioxide  and 
water  from  the  space  occupied  by  the  boat.  These  difficulties 
are  wholly  obviated  by  using  a  somewhat  longer  tube  which  is 
open  at  both  ends,  as  represented  in  Fig.  II.  In  this  arrange- 
ment the  boat  is  introduced  fi-om  the  rear  and  there  is  placed 
behind  it  a  second  roll  of  copper  wire  gauze.  The  stopper  in 
the  front  end  of  the  combustion  tube,  the  forward  roll  of  wire 
gauze  and  also  the  apparatus  as  a  whole,  are  never  disturbed. 
Each  roll  of  wire  gauze  is  heated  by  a  lamp  giving  a  broad, 
thin  flame  and  there  is  inverted  over  both  rolls  and  the  space 
between  them  the  asbestos  shield  already  described.  The 
lamps  should  be  raised  until  the  bottom  of  the  tube  is  just 
within  the  blue  region  of  the  flames.  To  prevent  any  sagging 
of  the  combustion  tube  while  hot,  it  is  supported  at  a  point 
beneath  the  end  of  the  porcelain  tube  by  a  forked  or  notched 
standard,  which  is  placed  under  the  asbestos  trough  in  which 
the  front  portion  of  the  apparatus  lies. 
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The  combustion  is  conducted  in  much  the  same  manner  as 
in  the  short  closed  tube,  except  that  a  slow  current  of  air  or 
oxygen  is  admitted  from  the  rear  during  the  entire  experiment. 
This  prevents  any  accumulation  of  volatilized  matter  in  the 
back  part  of  the  tube  and  aids  in  the  expulsion  of  the  products 
of  combustion  from  the  space  occupied  by  the  boat. 

If  the  substance  to  be  burned  is  very  volatile,  it  is  advisable 
to  introduce  air  and  not  oxygen  at  the  rear  and  to  employ,  be- 
hind the  boat,  a  roll  of  gauze  which  is  only  partially  oxidized. 
In  this  way  the  vapors  of  the  substance  may  be  diluted  with 
nitrogen  to  any  desired  extent. 

The  clamp  at  the  rear  is  required  only  as  a  support  and  it 
should  not  be  made  to  grip  the  tube  so  tightly  as  to  prevent 
the  free  movement  of  the  latter,  back  and  forth  through  the 
former. 

In  the  following  determinations  of  carbon  and  hydrogen  in 
cane-sugar,  which  were  made  for  the  purpose  of  testing  the 
method,  the  short  closed  tube  was  employed  and  the  roll  of 
wire  gauze  was  omitted.  A  clay  tobacco  pipe  stem  served  for 
the  introduction  of  oxygen  and  the  effect  of  its  use  is  evident 
in  the  high  percentages  of  hydrogen  which  were  obtained  in 
the  first  four  analyses.  In  the  last  two  analyses,  in  which 
normal  quantities  of  hydrogen  were  obtained,  the  pipe  stem 
was  thoroughly  burned  out  in  a  current  of  oxygen  before  be- 
ginning the  combustion  : 


Weight  of 

Carbon 

Hydrogen 

Time  occupied 

sugar. 

found. 

found. 

in  combustion. 

Gram. 

Per  cent. 

Per  cent. 

Minutes. 

0.1364 

41-95 

6.86 

25 

O.I  188 

42.03 

6.63 

18 

0.1227 

42.03 

6.65 

18 

0.1382 

42.07 

6.73 

18 

O.I  154 

42.11 

6.47 

18 

0.2809 

42.03 

6.46 

45 

Theoretical, 

42.09 

6.47 

The  current  at  the  highest  temperature  was  2.6  amperes  at 
48  volts. 

Careful  management  is  required,  even  in  the  combustion  of 
such   substances  as  sugar,  when    the  roll  of  wire  gauze  is 
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omitted.  On  several  occasions,  when  it  was  attempted  to  re- 
duce the  time  consumed  in  the  combustion  to  15  minutes  or 
less,  small  explosions  occurred  and  the  dilute  solution  of  palla- 
dium chloride  in  the  Geissler  apparatus,  which  was  always  at- 
tached to  the  end  of  the  absorption  train,  darkened  in  color. 
Hence  the  combustion  tube  was  lengthened  slightly  and  the 
roll  of  wire  gauze  previously  mentioned  was  inserted  between 
the  boat  and  the  end  of  the  porcelain  tube.  Combustions  of 
toluene  and  two  of  naphthalene  were  made  with  the  modified 
apparatus  with  the  following  results  : 


Toluene. 


Weight  of 
substance. 

Carbon 
found. 

Hydrogen 
found. 

Time  occupied 
in  combustion. 

Gram. 

Per  cent. 

Per  cent. 

Minutes. 

0.1057 

90.91 

8.62 

35 

0.065 

91.25 

8.80 

35 

Theoretical, 

91.24 

8.76 

Naphthalene. 

Weight  of 
substance. 

Carbon 
found. 

Hydrogen 
Found. 

Time  occupied 
in  combustion. 

Gram. 

Per  cent. 

Per  cent. 

Minutes. 

O.I  184 

93-54 

6.36 

55 

0.1252 

93-49 

6.39 

55 

Theoretical, 

93-70 

6.36 

During  the  first  attempt  to  burn  naphthalene  a  slight  de- 
posit of  the  substance  collected  in  the  front  end  of  the  tube. 
The  length  of  the  small  platinum  wire  was,  therefore,  increased 
by  about  0.5  meter,  making  its  total  length  about  2  meters. 
No  further  difficulty  was  experienced  in  effecting  complete 
combustions.  With  the  lengthened  wire,  the  electrical  energj' 
consumed,  at  the  highest  temperature,  was  3.6  amperes  at  65 
volts.  The  wire  was  afterwards  shortened  until,  with  a  cur- 
rent of  3.6  amperes,  the  fall  in  potential  was  54  volts. 

The  analyses  of  naphthalene  and  benzene,  which  follow, 
were  made  with  the  apparatus  represented  in  Fig.  II. 


Combustion  of  Organic  Compounds. 
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Naphthalene. 

Weight  of  substance.          Carbon  found. 

Hydrogen  found. 

Time  occupied 
in  combustion. 

Gram.                            Per  cent. 

Per  cent. 

Minutes. 

0.1274                   93-59 

6.83 

45 

0.1340                   93.50 

6.80 

30 

0.1198                    93.51 

6.46 

30 

0.1249                   93.57 

6.36 

35 

Theoretical,     93.70 

6.36 

Benzene 

• 

Time  occupied 

Weight  of  substance.         Carbon  found. 

Hydrogen  found. 

in  combustion. 

Gram.                           Per  cent. 

Per  cent. 

Minutes. 

0.0887                           92.24 

7.82 

40 

0.1474                           92.28 

7.80 

75 

0.1749                           92.20 

7.87 

75 

0.1334                           92.18 

7.66 

75 

Theoretical ,     92.25 

7-75 

The  Combustion  of  Substances  Containing  Nitrogen. 

For  the  determination  of  carbon  and  hydrogen  in  compounds 
containing  nitrogen,  there  are  placed  in  the  combustion  tube  : 
(i)  a  roll,  100  mm.  in  length,  of  copper  wire  gauze  which  has 
been  reduced  in  the  usual  way  by  methyl  alcohol ;  (2)  a  roll, 
80  mm.  in  length,  of  wire  gauze  which  has  been  well  oxidized; 
(3)  the  boat  containing  the  substance  ;  (4)  a  short  roll  of  wire 
gauze  also  well  oxidized. 

During  the  combustion  each  of  the  three  rolls  is  heated  by  a 
burner  giving  a  broad,  thin  flame,  the  last  lamp  serving  also 
for  heating  the  substance.  The  portion  of  the  tube  occupied 
by  the  copper  is  covered  by  a  screen  of  asbestos  board,  to  in- 
sure a  sufficient!}^  high  temperature  for  the  reduction  of  nitric 
oxide.  The  flow  of  oxygen  through  the  porcelain  tube  is  so 
regulated  that  only  about  one-quarter  of  the  copper  roll  b,  is 
oxidized,  while  at  the  rear  it  is  admitted  as  rapidly  as  may  be 
necessary  to  keep  a  portion  of  the  second  roll  at  all  times 
in  an  oxidized  condition. 

No  great  difficulty  has  been  experienced  in  successfully 
burning  nitrogenous  compounds,  except  in  the  case  of  nitro 
derivatives  and  even  these  gave  good  results  after  we 
adopted  the  practice  of  introducing  into  the  boat,  with  the 
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substance,  a  quantity  of  loose  copper  oxide  or  finely  divided 
silica. 

By  way  of  testing  the  applicability  of  the  method  to  com- 
pounds containing  nitrogen,  analyses  were  made  of  urea,  uric 
acid,  orthonitrophenol  and  metadinitrobenzene.  The  results 
are  given  below : 

Urea. 

Time  occupied 


Weight  of  substance. 

Carbon  found.          Hydrogen  found. 

in  combustion. 

Gram. 

Per  cent                       Per  cent. 

Minutes. 

0.1237 

19.87                           6.79 

60 

0.1542 

20.03                          6.78 

70 

0.1569 

19.90                          6.78 

60 

Theoretical 

19.96                           6.70 

Uric  Acid. 

Weight  of  substance. 

Carbon  found.          Hydrogen  found. 

Time  occupied 
in  combustion. 

Gram. 

Per  cent.                     Per  cent. 

Minutes. 

0.1947 

35-64                     2  68 

75 

0.1738 

35.60                   2.68 

75 

0.1970 

3565              2.62 

0.1929 

35.60              2.42 

Theoretical 

35-67             2.39 

Nitrophenol. 

Weight  of  substance. 

Carbon  found.          Hydrogen  found. 

Time  occupied 
in  combustion. 

Gram. 

Per  cent.                       Per  cent. 

Minutes. 

0.2632 

51-69                  3-75 

75 

0.1520 

51.62                  3.89 

75 

0.1225 

51-78                  3.76 

60 

O.I315 

51-78                  3-76 

70 

0.1464 

51.75                  3-79 

60 

Theoretical 

51.77                  3.62 
Dinitrohenzene. 

Weight  of  substance. 

Carbon  found.          Hydrogen  found. 

Time  occupied 
in  combustion. 

Gram. 

Per  cent.                       Per  cent. 

Minutes. 

O.II52 

42.75                           2.61 

90 

0.1435 

42.70                          3,02 

120 

0.  I44I 

42.67                           2.62 

105 

O.II74 

42.72                           2.78 

120 

0.1462 

42.73                           2.72 

120 

Theoretical 

42.83                           2.39 

Combustion  of  Organic  Compounds.  60 1 

The  time  consumed  in  the  burning  of  these  nitrogenous 
compounds,  especially  of  the  dinitrobenzene,  was  probably 
greater  than  necessary  ;  but  some  of  our  earlier  experiences 
had  convinced  us  that,  in  order  to  secure  a  complete  reduction 
of  the  nitric  oxide,  the  carbon  must  be  entirely  burned  be- 
fore the  products  of  the  combustion  reach  the  reduced  roll  b, 
of  wire  gauze. 

The  Combustion  of  Halogen  Compounds. 

To  prepare  the  apparatus  for  the  analysis  of  substances  con- 
taining the  halogens,  a  piece  of  silver  foil,  about  50  mm.  in 
width,  is  rolled  up  with  a  sheet  of  thick  paper,  which  is  after- 
wards withdrawn.  The  silver  roll  is  placed  in  the  tube  quite 
close  to  the  end  of  the  porcelain  tube  and  is  not  directly  heated 
during  the  combustion.  In  other  respects  the  arrangements 
are  the  same  as  for  the  combustion  of  non-nitrogenous  com- 
pounds. A  roll  of  well  oxidized  copper  wire  gauze  follows  the 
one  of  silver,  then  the  boat  containing  the  substance  and, 
finally,  a  second  roll  of  oxidized  copper  wire  gauze. 

During  the  combustion  there  is  formed  a  quantity  of  fusible 
cuprous-halogen  salt,  which  deposits  itself  more  or  less  upon 
the  inner  surface  of  the  glass  tube,  but  does  not,  at  any  time, 
get  beyond  the  roll  of  silver  foil  into  the  space  occupied  by  the 
porcelain  tube  and  platinum  wire.  On  cooling,  the  cuprous- 
halogen  salt,  in  accordance  with  the  well-known  behavior  of 
such  compounds,  absorbs  large  quantities  of  oxygen,  only  to 
give  it  up  again  when  the  apparatus  is  reheated  in  a  succeed- 
ing experiment.  At  the  same  time  the  copper  wire,  in  the 
oxidized  rolls,  grows  thinner  and  becomes  quite  brittle. 

The  quantity  of  the  cuprous  salt  accumulates,  after  a  few 
combustions,  to  such  an  extent  that  the  time  required  for  its 
oxidation  is  considerable.  Hence,  it  is  well  to  cleanse  the 
combustion  tube  frequently  and  to  renew,  at  the  same  time, 
the  oxidized  rolls  of  copper  wire  gauze. 

The  substances  selected  for  the  purpose  of  testing  the  ap- 
plicability of  the  method  to  halogen  compounds  were  dibrom- 
benzene  and  chloral  ethylate.     The  results  are  given  below  : 
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Dibromhenzene. 

Weight  of  substance.                         Carbon  found. 

Hydrogen  found. 

Gram.                                            Per  cent. 

Per  cent. 

0.1245                                           30.62 

1.85 

0.1395                                           30.40 

1.82 

O.I319                                           30.33 

1.75 

0.0836                                           30.40 

1.93 

0.0745                                           30.42 

1. 81 

Theoretical,     30.51 

1. 71 

Time  of  combustion  about  30  minutes. 

Chloral  Ethylate, 

CCl3CH(OH)OC,H5. 

Weight  of  substance.                         Carbon  found. 

Hydrogen  found 

Gram.                                              Per  cent. 

Per  cent. 

O.161I                                           24.83 

3-63 

0.1765                                           24.90 

3.64 

0.1789                                           24.61 

3.71 

0.1570                                           24.73 

3.83 

Theoretical,     24.82 

3-64 

Time  of  combustion  about  30  minutes. 

The  Combustion  of  Sulphur  Compounds. 

The  determination  of  carbon  and  hydrogen  in  compounds 
containing  sulphur  presents  no  difl&culty.  A  large  number  of 
such  analyses  have  been  made  in  this  laboratory  within  the 
past  year  and  the  results  have  been  quite  as  satisfactory  as 
those  obtained  by  the  older  method.  The  only  change  which 
it  is  necessary  to  make  in  the  simple  arrangement  for  non- 
nitrogenous  and  non-halogen  compounds,  in  order  to  adapt  the 
method  to  the  combustion  of  sulphur  compounds,  is  to  substi- 
tute lead  chromate  for  the  roll  of  oxidized  copper  wire  gauze 
which  is  nearest  to  the  end  of  the  porcelain  tube.  Instead  of 
maintaining  the  lead  chromate  in  its  position  in  the  tube  by 
means  of  plugs  of  asbestos  or  of  wire  gauze,  it  has  been  found 
more  convenient  and  better  for  the  glass  tube  to  introduce  it  in 
the  form  of  a  cartridge.  This  is  prepared  by  filling,  with  the 
loose,  granular  chromate,  a  shell  made  from  fine  copper  wire 
gauze. 

The  first  analyses  of  sulphur  compounds  were  made  with 
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diphenylsulphone  as  the  material 

.     The  result; 

3  are  given  1 

low  : 

Time  occupied 

Weight  of  substance.          Carbon  found. 

Hydrogen  found. 

in  combustion. 

Gram.                            Per  cent. 

Per  cent. 

Minutes. 

0.1035                           65.93 

4-63 

30 

0.0997                           66.00 

4.70 

45 

0.I02I                             65.89 

4.73 

60 

0.0961                             65.98 

4- .53 

45 

Theoretical,     66.01 

4.61 

Johns  Hopkins  University, 

March  i,  1905. 

Contribution  from  the  Chemical  Laboratory  of  the  University  of  Illinois. 

A    CONVENIENT   AND    PRACTICAL    METHOD    FOR 

MAKING  THE  ESTER   OF  MESOXALIC 

ACID. 

By  Richard  Sydney  Curtiss. 

At  present  there  exists  no  good  and  easy  method  for  the 
preparation,  in  quantity,  of  diethyl  mesoxalate.  The  two 
ways  of  making  it,  as  given  by  Beilstein,  are  :  (a)  The  dis- 
tillation of  acetylbromtartronic  ester  ;^  (6)  the  action  of  ethyl 
iodide  on  silver  mesoxalate.^     Both  are  costly  methods. 

Bouveault  and  WahP  have,  more  recently,  discovered  that  it 
can  be  obtained  by  the  action  of  nitric  oxide  on  diethyl  iso- 
nitrosomalonate.     The  yield  is  nof  given. 

This  difl&culty  in  its  preparation  has  resulted  in  a  search  for 
some  other  method  which  would  give  a  good  yield,  at  a  less 
cost  in  time  and  material.  Manifestly  the  simplest  way,  theo- 
retically possible,  to  make  diethyl  mesoxalate  is  to  convert  the 
two  methylene  hydrogen  atoms  of  malonic  ester, 


H.      ^COOC,H^ 
H-^   ^COOCH 


into  hydroxyl  groups. 

It  has  been  found  that  this  can  be  accomplished  easily,  by 


1  Conrad  and  Briickner  :  Ber.  d.  chem.  Ges.,  24,  3000. 
-  Petrief :  J.  russ.  chem.  Ges.,  10.  75. 
3  Compt.  rend.,  137,  196. 
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saturating  the  ester,  at  — 15°,  with  the  gaseous  red  oxides  of 
nitrogen,  obtained  from  arsenic  trioxide  and  nitric  acid  and 
filtering  off  the  crystals,  which  are  deposited  in  fair  quantity, 
after  the  mixture  has  stood  a  few  hours. 

This  product,  once  recrystallized,  is  pure  diethyl  mesoxal- 
ate,  as  shown  by  its  melting-point,  57°,  its  analysis,  the  forma- 
tion of  a  potassium  salt  by  saponification  and  of  a  yellow 
phenyl  hydrazone  from  the  latter,  corresponding  in  melting- 
point  to  that  of  the  phenyl  hydrazone  of  mesoxalic  acid. 

The  above  treatment  of  diethylmalonate  leads  to  the  forma- 
tion of  a  number  of  other  products.  A  study  of  these,  the  use 
of  other  oxidizing  agents  and  also  of  the  various  reactions  of 
mesoxalic  ester  as  a  ketone  is  in  progress. 

Urbana,  III., 
April  8,  1905. 


ON    THE   PINACONE-PINACOUN    REARRANGE- 
MENT. 

By  p.  J.  MONTAGNE. 

The  preliminary  publication  by  Acree^  induces  me  to  make 
the  following  remarks  : 

Acree  discusses  the  question,  whether  the  pinacone-pinacolin, 
or  other  similar  rearrangements,  can  take  place  through  ring 
formation,  as  first  suggested  by  Coutourier  and  subsequently  by 
others.  This  suggestion  being  applied  to  aromatic  deriva- 
tives, the  group  in  the  nucleus  would  prove,  in  that  case,  to 
have  changed  its  position  after  the  reaction.  Acree  intends  to 
determine  the  position  of  the  group  in  the  nucleus  before  and 
after  the  migration  and  to  solve  the  question  in  that  way. 

In  April,  1901,  however,  I  treated  this  same  question  at  the 
"  Nederlandsch  Natuur-en  Geneeskundig  Congres"  at  Rot- 
terdam (Dutch  Physical  and  Medical  Congress)  and  solved  it 
with  respect  to  two  examples.  Two  articles  on  this  subject 
have  been  published.^  I  have  ascertained  that,  in  the  case  of 
benzil,  as  well  as  of  hydrobenzoin,  the  group  in  the 
nucleus  does  not  change  its  position  after  the  migration,  a  ring 
formation,   being,   consequently,   impossible.     In    view  of  an 

'  This  Journal,  33,  180  (1905). 
-  Rec.  Trav.  Chim.,  a  I,  6,  30. 
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explanation  given  by  Nef,  I  announced,  in  the  article  above 
mentioned,  the  solution  of  this  problem  for  the  benzpina- 
cone.  As  the  result  of  my  investigation  of  the  subject,  I 
stated  that,  in  the  rearrangement  of  this  substance,  the  group 
in  the  nucleus  retained  its]  place.  This  article  has  recently 
been  published.^ 

I  am  trying  now  to  solve  the  same  problem  in  the  case  of 
other  compounds. 

Deventer,  Holland, 
April,  1905. 


REVIEWS. 


A  Select  Bibliography  of  Chemistry,  1492-1902.  By  Henry  Car- 
RINGTON  Bolton.  Second  Supplement.  Smithsonian  Miscellaneous 
Collections.  Part  of  Vol.  XLIV.  Washington  :  Smithsonian  Institu- 
tion.    1904.     pp.  462. 

Dr.  Bolton's  premature  death  occurred  while  this  work  was 
in  the  press,  consequently  Mr.  Axel  Moth  compiled  the  index 
and  prepared  most  of  the  proof.  The  original  volume  ap- 
peared in  1893  ;  the  first  supplement,  published  in  1899,  in- 
cluded the  literature  from  1892  to  the  close  of  1897  ;  the  pres- 
ent volume  brings  it  down  to  the  end  of  1902.  No  attempt 
has  been  made  to  index  books  and  periodicals,  but  the  titles  of 
books  are  given  under  the  following  heads  :  (I.)  Bibliography, 
(II.)  Dictionaries,  (III.)  History,  (IV.)  Biography,  (V.) 
Chemistry,  pure  and  applied,  (VI.)  Alchemical  literature  of 
the  nineteenth  century,  (VII.)  Periodicals,  (VIII.)  Aca- 
demic dissertations.  The  volume  shows  evidence  of  the  pains- 
taking care  characteristic  of  Dr.  Bolton's  work  and  will,  un- 
doubtedly, be  of  considerable  utility  to  many  chemists. 

J.  B.  T. 

Die  Wissenschaftlichen  Grundlagen  der  Analytischen  Chemie. 
Elementar  dargestellt  von  W.  Ostwald.  Vierte  auflage.  Leipzig  : 
Engelmann.     1904. 

Prof.  Ostwald's  valuable  little  book  has  appeared  in  Eng- 
lish, Russian,  Italian,  Hungarian,  Japanese  and  French  trans- 
lations. It  would  be  superfluous  to  add  anything  to  what  has 
been  said  of  it  in  the  review  of  the  first  edition^  and  the  re- 
view of  M'Gowan's  translation.^  E.  R. 

•  Rec.  Trav.  Chim.,  24,  105  (1905). 
2  This  Journal,  16,  564. 
5  Ibid.,  18,  523. 
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Outlines  of  Phvsiologicai.  Chemistry.  By  S.  P.  Beebe,  Ph.D., 
Physiological  Chemist  to  the  Huntington  Fund  for  Cancer  Research, 
and  R.  H.  Buxton,  M.D.,  Professor  of  Experimental  Pathology,  Cor- 
nell Medical  College.  New  York  :  The  Macmillan  Company.  1904. 
pp.  194.     Price,  $1.50. 

This  book  was  intended  to  fill  a  gap  left  by  the  laboratory 
manuals  and  was  written  to  aid  the  student  in  grasping  the 
theoretical  aspect  of  physiological  chemistry.  That  there  is  a 
place  for  such  a  book  the  reviewer  does  not  deny,  but  that  the 
present  effort  is  certainly  not  a  successful  one  is  beyond  ques- 
tion. In  a  few  pages  are  considered  :  The  Theory  of  Solu- 
tions (22  pp.)  ;  Organic  Chemistry  (77  pp.)  ;  The  Proteids 
(61  pp.)  ;  The  Enzymes  (15  pp.)  ;  Diseases  and  Immunity 
(16  pp.).  The  authors  explain  the  use  of  the  tartrate  in  Feh- 
ling's  solution  as  follows:  "To  avoid  this,  tartaric  acid  is 
used,  which  forms  a  soluble  colorless  (?)  compound  with  the 
cupric  oxide  but  does  not  affect  the  red  cuprous  oxide.  The 
point  is  to  add  something  by  which  the  CuO  is  made  soluble 
and  colorless,  but  which  leaves  the  CUjO  unchanged." 

On  page  174  the  statement  is  made  that  the  oxygen,  liberated 
from  ox5'haemoglobin,  is  atomic  and  not  molecular  oxy- 
gen. Innumerable  other  examples  might  be  given  but  they 
all  show  the  same  thing.  If  the  contents  of  the  book  had  been 
better  it  would  have  deserved  a  better  style.  The  fact  that  the 
authors  state  in  the  preface  that  they  hope  no  errors  had  been 
committed,  proves  that  this  was  not  sufficient  to  exclude  them. 

A.  s.  L. 

Notes  on  Assaying  and  Metallurgical  IvAboratory  Experi- 
ments. By  Richard  W.  Lodge.  New  York  :  John  Wiley  &  Sons. 
1904.     8vo.     pp.  viii  +  287.     Price,  I3.00. 

The  topics  considered  are  :  Reagents,  furnaces,  crucibles, 
etc.  ;  Sampling  ;  The  assays  of  ores  of  silver,  of  gold,  of  lead  ; 
The  assay  of  bullion  ;  The  assay  of  ores  of  copper  and  tin  ; 
Platinum  and  the  platinum  group  ;  Metallurgical  laboratory 
experiments  and  notes. 

The  book,  as  a  whole,  is  a  valuable  addition  to  the  existing 
literature  on  assaying,  which  is,  as  defined  by  the  author,  a 
branch  of  analytical  chemistry.  It  will  prove  of  use  to  prac- 
tical assayers  and  will  tend  to  make  them  discard  the  rule-of- 
thumb  methods  which  have  too  long  prevailed.  As  a  text- 
book the  arrangement  of  the  subject-matter  is  bad  ;  silver  in 
ores  is  treated  in  a  separate  chapter  from  gold  in  ores  ;  copper 
matte  is  the  first  assay  given  in  detail  ;  the  assay  of  bullion  is 
placed  between  the  assay  for  lead  and  for  copper,  etc.  Many 
valuable  tables  are  given,  such  as  the  losses  of  silver  in  cupel- 
lation  at  different  temperatures.     The  explanations  of  the  ef- 
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feet  of  fluxes,  especially  the  use  of  iron  in  crucible  assays  and 
the  addition  of  silica  in  scorification,  are  excellent.  Many 
points  admit  of  criticism,  such  as  the  inclusion  of  the  scorifica- 
tion method  for  telluride  ores  and  the  Cornish  method  for  cop- 
per, with  the  exclusion  of  the  Gay-Lussac  method  for  silver 
bullion.  Experiments  by  students  are  given  in  tiresome  de- 
tail, often  without  any  particular  conclusions  being  drawn 
from  them,  while  the  journal  articles,  on  similar  lines,  are 
ignored.  Though  many  of  the  subjects  treated  in  the  old 
works  on  assaying  are  very  properly  omitted,  some,  of  impor- 
tance at  present,  such  as  corrected  assays,  the  sampling  of  pig 
copper  and  the  assay  of  cyanide  solutions,  are  not  adequately 
treated.  E.  h.  m. 

A  Laboratory  Chemistry.  By  Richard  B.  Moore,  Instructor  in 
Chemistry,  University  of  Missouri.  Philadelphia  :  J.  B.  Lippincott 
Co.     1904. 

This  is  a  little  manual  intended  for  use  in  high  schools.  In 
the  preface  the  author  says:  "In  some  of  our  states  the 
text-books  in  chemistry,  prescribed  b\'  law  for  the  secondary 
schools,  are  extremely  unsatisfactory.  In  such  cases  a  labora- 
tory manual  that  is  a  little  more  than  a  laboratory  manual  will 
have  a  distinct  use."  It  is  largely  for  this  reason  that  the 
chapters  on  theory  have  been  introduced. 

The  selection  of  experiments  is  judicious  and  the  explana- 
tory text  is  clear  and  simple.  E.  R. 

High-Temperature  Measurements.  By  H.  Le  Chatewer  and  O. 
Baudouard.  Authorized  translations  and  additions  by  G.  K.  BuR- 
GESS.  Second  edition,  revised  and  enlarged.  New  York  :  John  Wiley 
&  Sons  ;  London:  Chapman  &  Hall,  Limited.  1904.  pp.  341.  Price, 
$3.00. 

The  appearance  of  the  English  translation  of  this  book  has  al- 
ready been  referred  to.^  The  second  edition  contains  new  matter 
pertaining  to  Optical  Pyrometry ,  Electrical  Resistance  and  Ther- 
moelectric andGas  Pyrometry.  The  translator  states  that  brief 
descriptions  have  been  added  of  some  other  pyrometers  which 
have  been  considerably  used  in  the  industries,  especially  in 
the  United  States.  The  importance  of  standardizing  pyrome- 
ters has  been  emphasized  by  a  special  chapter  devoted  to  that 
subject.  H.  c.  J. 

The  Electric  Furnace.  By  Henri  MoisSAN,Membre  de  I'lnstitut, 
Professor  of  Chemistry  at  the  Sorbonne.  Translated  by  A.  T.  de 
Mouilpied,  B.Sc.  (Lond.),  M.Sc.  (Vict.),  Ph.D.,  Assistant  Lecturer 
in  Chemistry  in  the  University  of  Liverpool.  London:  Arnold;  New 
York  :  Longmans,  Green  &  Co.     1904.     Price,  $2.']$. 

A  review  of  Dr.  Victor  Leuher's  translation  of  Moissan's 

'  This  Journal,  27,  235. 
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"  Four  Electrique"  appeared  quite  recently/ so  that  further 
discussion  of  Moissan's  book  is  unnecessary  and  attention  may 
be  confined  to  the  respective  merits  of  the  translations. 

Even  a  very  superficial  examination  leads  to  the  conclusion 
that  Dr.  de  Mouilpied  writes  better  and  clearer  English  than 
Dr.  Lenher  and,  on  closer  observation,  we  find  that  some  pas- 
sages, which  were  obscure  in  Lenher's  translation,  have  lost 
their  obscurity  in  that  of  Mouilpied.  Both  translations  are 
authorized  and  prefaced  by  Moissan.  The  English  book  has 
better  type  and  paper  than  the  American.  e.  r. 

Die  Darstellung  des  Zinks  auf  Ei^ectrolytischen  Wege,  tnit  59 
Abbildungen.  By  Dr.  Emii,  Gunther.  Leipsic:  W.  Kiiapp.  1904. 
pp.  xii  +  246.     Price,  M.  10. 

This  book  forms  Volume  XVI.  of  the  "  Monographs  on 
Applied  Electrochemistry,"  edited  by  V.  Engelhardt,  chief 
engineer  and  chief  chemist  of  the  firm  of  Siemens  and  Halske. 
The  author,  well  known  by  his  papers  on  electrometallurgical 
subjects,  has  had  practical  experience  in  the  electrolytic  treat- 
ment of  zinc  ores  and  is,  therefore,  well  fitted  to  write  upon 
the  subject. 

In  the  preface  he  briefly  reviews  the  history  of  the  electro- 
metallurgy of  zinc.  Although  many  investigations  were  car- 
ried out  during  the  years  1880-1895,  to  find  new  methods  and 
to  perfect  old  ones,  the  interest  seems  to  have  lagged  since 
that  time  and  to-day  there  is  only  a  single  plant  in  active 
operation.^  While  the  diflSculties  that  have  to  be  overcome 
are  much  greater  than  those  encountered  at  first  in  the  elec- 
trolytic refining  of  copper,  the  author  believes  that,  with  a 
more  intelligent  application  of  physical  chemistry  to  metal- 
lurgical problems  than  has  been  so  far  the  case,  there  will  come 
a  brighter  future  for  the  electrometallurgy  of  zinc.  While  this 
is  to  be  hoped  for,  the  main  obstacle  to  the  prospect  lies  in  the 
advance  that  has  been  made  in  the  mechanical  concentration  of 
ores, 

A  closer  study  of  the  principles  of  regular  wet  ore-dressing 
has  resulted  in  the  construction  of  improved  machinery  and 
magnetic  concentration  has  become  an  important  factor  in  the 
treatment  of  mixed  sulphide  ores  ;  static  machines,  of  much 
promise,  are  coming  into  use  and,  more  recently,  acid  treat- 
ment, combined  with  flotation,  is  making  available  immense 
heaps  of  ores  which  have  been  thrown  over  the  dump  as  waste 
material.  If  the  prospects  for  the  electrometallurgy  of  zinc 
are  not  very  brilliant,  this  mode  of  treatment  may  find  more 
application  than  at  present  in  special  cases  with  ores,  while 

1  This  Journal,  3a,  406. 

2  Brunner,  Mond  &  Co.,  Northwich,  England. 


I 


Reviews.  609 

electrolytic  refining  of  crude  zinc  will  hardly  be  revived.  It  is 
of  value,  however,  to  have  a  book  devoted  to  the  subject. 

In  the  introduction  (pp.  1-20)  there  are  discussed,  briefly, 
the  properties,  statistics  and  uses  of  zinc  and  the  common 
methods  of  smelting  its  ores.  The  electrolytic  chapter  has 
wet  (pp.  24-180)  and  dry  (pp.  180-208)  treatment  as  its  two 
main  divisions.  Under  wet  electrolysis  there  are  two  classes 
of  processes,  those  in  which  the  anode  energy  is  utilized  and 
those  in  which  it  is  not ;  under  dry  electrolysis,  the  divisions 
are  preparation  of  electrolyte  and  form  of  apparatus.  Under 
each  head  there  have  been  assembled  the  various  processes 
that  have  been  patented  or  carried  out  more  or  less  experi- 
mentally. Each  is  briefly  criticized,  as  far  as  this  is  possible 
from  the  available  data.  The  Hoepfner  chloride  process,  the 
only  one  that  has  any  commercial  interest  at  present,  occupies 
91  pages  of  the  150  given  to  wet  electrolysis.  The  discussion 
is  of  special  value,  as  the  author  was  actively  engaged  in 
carrying  out  this  process  in  Germany.  The  appendix  (pp. 
21 1-241),  giving  an  estimate  of  the  cost  of  a  Hoepfner  plant  and 
the  cost  of  working,  has  value  in  that  it  furnishes  an  excellent 
basis  for  making  similar  estimates  for  other  countries. 

The  book  does  not  aim  to  discuss  the  principles  of  the  elec- 
trodeposition  of  zinc  ;  it  treats  of  processes  and,  incidentally, 
in  its  critique  applies  the  general  principles  and  explains  the 
difiiculties.  The  general  arrangement  is  good,  the  matter  is 
clearly  presented,  references  are  given  to  sources  of  informa- 
tion, there  is  an  excellent  table  of  contents  and  a  satisfactory 
index.  The  book  is  well  printed  and  can  be  recommended  to 
all  interested  in  the  subject.  h.  o.  hofman. 

The  Becquerei.  Rays  and  the  Properties  of  Radium.  By  Hon.  R. 
J.  StruTT,  Fellow  of  Trinity  College,  Cambridge.  London  :  Eduard 
Arnold.     1904.     pp.  214.     Price,  $2.40,  net. 

This  is  an  admirable  book  on  radio-activity,  from  the  semi- 
popular  standpoint.  The  author  states  in  his  preface  that  "  In 
writing  this  book  my  object  has  been  to  give  as  clear  and  sim- 
ple an  account  of  the  phenomena  of  radio-activity  as  the  sub- 
ject admits  of,  without  sacrificing  accuracy.  The  extraor- 
dinary properties  of  radium  have  excited  general  interest  out- 
side the  scientific  world  and  there  are  probably  many  who 
would  be  glad  to  learn  something  of  the  subject,  if  they  could 
find  it  explained  without  the  use  of  technicalities  However 
essential  mathematical  methods  may  be  in  developing  the 
subject,  they  are  seldom  really  necessary  in  presenting  the  re- 
sults. Moreover,  some  idea  of  the  train  of  reasoning  can  gen- 
erally be  given  in  ordinary  language." 


6io  Reviews. 

This  gives  au  admirable  idea  of  the  aim  of  the  work.  The 
scope  is  fairly  comprehensive,  including  chapters  on  :  Elec- 
tric Discharge  in  High  Vacua,  Discovery  of  Radio-Activity, 
The  Properties  and  Nature  of  the  Radiations,  Absorption  and 
Ionization,  The  Changes  Occurring  in  Radio-active  Bodies, 
Radio-activity  in  the  Earth  and  in  the  Atmosphere,  the  Ulti- 
mate Products  of  Radio-active  Change  and  The  Electrical 
Theory  of  the  Nature  of  Matter. 

The  book  contains  three  appendices.  The  first  describes  a 
number  of  interesting  and  important  experiments.  The  sec- 
ond is  a  brief  theoretical  discussion  of  the  Theory  of  the  Mag- 
netic and  Electrostatic  Deflection  of  the  Cathode  Rays,  or  the 
/3-Rays  of  Radio-active  Substances.  The  third  appendix  deals 
with  the  treatment  of  pitchblende  residues  on  a  large  scale. 

The  book  is  written  in  an  enthusiastic  and  attractive  style 
and  holds  the  interest  of  the  reader  from  beginning  to  end. 
A  few  sentences,  however,  could  be  revised  advantageously, 
from  the  standpoint  of  English.  On  page  14  we  read  "and  it  is 
not  possible  to  measure  the  electric  charge  of  the  cathode  parti- 
cles in  a  vacuum  tube  either.'' '  On  page  99,  ' '  The  most  that  can 
be  done  is  to  apply  an  electric  force  large  enough  to  snatch  prac- 
tically all  the  ions,  etc."  On  page  142,  "clay  soils  are  usually 
the  most  active,  but  Professor  J.  J.  Thomson  has  found  the 
sand  from  the  beach  at  Whitby  to  be  very  active  too." 

There  will  doubtless  be  a  large  demand  for  the  book,  on  ac- 
count of  the  general  popular  interest  in  the  subject  and  be- 
cause it  comes  from  an  authoritative  source.  h.  c.  j. 
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Also  its  chlorplatinate. 
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Pentatricontane.     Mabery  and  Sieplein 285 
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Phenoquinone,  preparation  of.     Torrey  and  Hardenbergh 168 

Phenylacetylenemagnesium  bromide.     Kohler  and  Reimer 356 

Phenyl  arsine.     Dehn 147 

Phenyl  arsonic  acid.     Dehn 149 
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a-Phenylcinnamic  acid,  esters  of,  reactions  with  organic  magne- 
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The  electric  furnace.     Moissan  and  de  Mouilpied 607 

The  study  of  the  atom;    or  the  foundations  of  chemistry. 

V  enable 516 

The  urine  and  the  chnical  chemistry  of  the  gastric  contents, 

the  common  poisons  and  milk.     Holland 433 

SEPARATION  of  solid  paraffin  hydrocarbons  from  petroleum 

without  distillation.     Mahery  and  Sieplein 276 

Silver  ar,a-dimethyl-i3-methylene-y-hydroxybutyrate.     Noyes  .  .  .  362 

Silver  phenyl  arsonate.     Dehn 137 

Silver  a,a,5-trimethyl-y-hydroxybutyrate.      Noyes 362 

Sodic  nitromalonic  diacetyldialdoxime.     Hill  and  Black 294 
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Sodium  benzhydrol,  reactions  of.     Bacon 68 

Sodium  benzoate.     Bacon 71 
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Solution,  hydrates  in.     Jones  and  Bassett 534 
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Tetraphenyltetramethylene  oxide  (?).     Acree 192 

Tetratricontane.     Mabery  and  Sieplein 284 
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w-Tolyldiphenylcarbinol.     Acree 193 
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Triethyl  arsine  sulphide.     Dehti 135 

Trimethyl  arsine  sulphide.     Dehn 135 

a,a„9-Trimethylbutyrolactone.     Noyes 362 
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Trimethylparaconic  acid.     Noyes 356 
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5,3,4'-Trinitro-2-oxydiphenyl.     Hill  and  Hale 17,  19 

5,2',4'-Trinitro-2-oxydiphenyl  methyl  ether.     Hill  and  Hale 19 

5, 3, 4'-Trinitro-2-oxydiphenyl  methyl  ether.     Hill  and  Hale 17 

Triphenylacrylic  acid.     Kohler  and  Heritage 159 

Triphenylbrompropionic  ester.     Kohler  and  Heritage 158 

Triphenylpropionic  acid.     Kohler  and  Heritage 156 

Tyrosine.     Wheeler  and  Jamieson 36S 

UNSATURATED  compounds,  reactions  of,  with  organic  magne- 
sium compounds.     Kohler  and  Reimer 333 

VASELIN,  composition  of.     Mabery 291 

Vegetable  coloring  matters,  use  of,  in  the  colorimetric  determina- 
tion of  the  affinities  of  acids.     Kastle 46 


FORMULAS. 
Ci-GROUP. 

CH,0,.     Formic  acid.     Kastle 
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CHjAs.     Monomethyl  arsine.     Dehn 120 

3  1. 

CH3OAS.     Methyl  arsine  oxide.     Dehn 124 

CHjIMg.     Methylmagnesiumiodide.     Kohler  and  Heritage 28,  162 

CHglMg.     Methylmagnesium  iodide.     Kohler  and  Reimer 351 

CH3IJAS.     Methyl  arsine  diiodide.     Dehn 126 

CH5ON.     Methylhydroxylamine.     Biddle 62 

CHgOjAs.     Methyl  arsenic  acid.     Dehn 124 

4  I. 

CHgOjAsMg.     Magnesium  methyl  arsenate.     Dehn 136 

C2-GROUP. 

CoHjO^.     OxaUc  acid.     Kastle 48 

CjH^Oj.     Acetic  acid.     Kastle 48 

CjH-As.     Ethyl  arsine.     Dehn 118,  143 

3  II. 

C2HO2CI3.     Trichloracetic  acid.     Kastle 50 

CjHjON.     Methylfulminate.     Biddle 66 

C2H3O2CI.     Monochloracetic  acid.     Kastle 50 

CjHgOAs.     Ethyl  arsine  oxide.     Dehn 144 

CjHjOoN.     Formhydroxamic  acid  methyl  ester.     Biddle 63 

C2H5S2AS.     Ethyl  arsine  disulphide.     Dehn 132 

C2H7O3AS.     Ethyl  arsonic  acid.     Dehn 144 

4  II. 

CgHpNCl.     Methylformylchloride  oxime.      Biddle 65 

CjH^OjNAg.     Silver  salt  of  formhydroxamic  acid  methyl  ester. 

Biddle 64 

C2H503AsMg.     Magnesium  ethyl  arsenate.     Dehn 132 

5  II. 

CjHijOoXoCljPt.     Platinum   double  salt   of   «-methyl  hydroxyl- 

amine  hydrochloride.     Biddle 64 

Cs-GROUP. 

CgH^O^.     Malonic  acid.     Endemann 531 

C3H5O2.     Propionic  acid.     Kastle 49 

CgHgOj.     Lactic  acid.     Kastle 49 
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3  III. 

CsHN^Brg.     Tribrompyrazol.     Hill  and  Black 298 

CaHjO-iN;,.     4-Nitro-5-pyrazolone.     Hill  and  Black 292,  296 

CjH^ClMg.     Isopropylmagnesium  bromide.     Kolilcr  and  Reimer.  355 

CaHgSAs.     Trimethyl  arsine  sulphide.     Dehn 135 

CsNoBrgAg.     Argentic  tribrompyrazol.     Hill  and  Black 298 

4  MI. 

CaHOjNaBrj.     Dibromnitropyrazol  (?).     Hill  and  Black 500 

CaHgOgN^^Cl.     4-Nitro-5-chlorpyrazol.     Hill  and  Black 297 

CjHjO^NsAg.     Argentic  4-nitro-5-pyrazolone.     Hill  and  Bluck  .  .  296 

CgHgOgNaNa.     Sodic  4-nitro-5-pyrazolone.     Hill  and  Black 294 

CrGROUP. 

C4H604.     Succinic  acid.     Kastle 49 

C^HeOj.     Malic  acid.     Kastle -19 

C^HeOg.     Tartaric  acid.     Kastle 49 

C^HjOj.     Butyric  acid.     Kastle 48 

3  IV. 

C4II3O4N3.     Nilrouracil.     IV heeler  and  Bristol 44' 

C^HgO^Ng.     Aminour^cil.     Wliecler  and  Bristol 442 

QHjJAs.     Tetramethyl  arsonium  iodide.     Dehn 129 

4  IV. 

C^HNjCljBr.     2,6-Dichlor-5-brompyrimidine.       Wheeler  and  Bris- 
tol   443 

C4H4ON2S.     2-Thio-6-oxypyrimidine.     Wheeler  and  Bristol 443 

C4HPN2S.     2-Thiouracil.     Wheeler  and  Bristol 458 

C^HjjNjBrS.     Pseudonormalpropylthiourea  hydrobromide. 

Wheeler  and  Bristol 44° 

C5-GROUP. 

CgH^NjCl.     2-Ethylmercapto-6-chlorpyrimidine.       Wheeler     and 

Bristol 443 

CgHjNgS.     2-Methylmercapto-6-aminopyrimidine.     Wheeler    and 

Bristol 447 

C^HjJAs.     Ethyl  trimethyl  arsonium  iodide.     Dehn 145 
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4  V. 

C5H5N2CIS.     2-Methylmercapto-6-chlorpyrimidine.     Wheeler  and 

Bristol 447 

CjHsONjS.     2-Ethylmercapto-6-oxypyrimidine.       Wheeler     and 

Bristol 442 

CjH^jNjBrS.      Pseudoisobutylthiourea  hydrobromide.       Wheeler 

and  Bristol 440 

5  V. 

CjHjOoN^ClS.     2-Methylmercapto-6-oxypyrimidine     hydrochlor- 
ide.    Wheeler  and  Bristol 447 

Ce-GROUP. 

CeHj.     Benzene.     Bacon 71 

2  VI, 

CsH^Oj.     Dehydromucic  acid.     Hill  and  Russe 374 

CgHgOg.  /3-Dihydrofurfuran-a,o:'-dicarboxylic     acid.     Hill     and 

Russe 372 

CgH-As.     Phenyl  arsine.     Dehn 147 

CgH^Oy.     Citric  acid.     Kastle 50 

CgHjgO^.     Ethyl  oxalate.     Acree 190 

CgHjjN.     Methylisoamylamine.     Clarke 498 

3  VI. 

CgH^OjAg,.         Argentic       y-dihydrofurfuran-a,a'-dicarboxylate. 

Hill  and  Russe 385 

CfiH^OjBa.     Barium  salts  of  dextro  and  laevo  /J-dihydrofurfuran- 

a,a'-dicarboxylic  acid.     Hill  and  Russe 379,  380 

CgH^OgBa.     Baric     y-dihydrofurfuran-a,a'-dicarboxylate.      Hill 

and  Russe 384 

Ci^H^OjPb.     Lead  salts  of  dextro  and  laevo  ,5-dihydrofurfuran-a, 

a'-dicarboxylic  acid.     Hill  and  Russe 380 

CgH^NBrg.     Tribromaniline.     Orndorff  and  Teeple 238 

CcHjOAs.     Arsenobenzene.     Dehn 149 

CgHjOjK.     Acid    potassic    y-dihydrofurfuran-a-ja'-dicarboxylate 

'     Hill  and  Russe 385 

CgHjBrMg.     Phenylmagnesium  bromide.     Kohlcr    and   Heritage. 

25,  30,  154 

CgHgBrMg.     Phenylmagnesium  bromide.     Kohler  and  Johnstin .  .  39 

CgHjBrMg.     Phenylmagnesium  bromide.     Kohler   and   Reimer .  .  339 

CgHgOgS.     Benzene  sulphonic  acid.     Kastle 48 
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CgHjOgAs.     Phenyl  arsonic  acid.     Dehn 149 

CgHjOoNj.     4-Ethyluracil.     Wheeler  and  Bristol 446 

CgHjjBrjAs.     Triethyl  arsine  dibromide.     Dehn 136 

CgHj^SAs.     Triethyl  arsine  sulphide.     Dehn 135 

4  VI. 

CeH^OgNflBa.     Baric  4-nitro-5-pyrazolone.     Hill  and  Black 296 

CgH^OgNePb.     Plumbic  4-nitro-5-pyrazolone.     Hill  and  Black.  .  .  297 

C6H503Ag2As.     Silver  phenyl  arsenate.     Dehn 137 

CgHgOgAsMg.     Magnesium  phenyl  arsenate.     Dehn 137 

CgH^OgNgBr.     4-Ethyl-5-bromuracil.     ]V heeler  and  Bristol 446 

CfiHyNgBrSj.    2-Ethylmercapto-5-brom-6-thiopyrimidine.  Wheeler 

and  Bristol 455 

C6H,5N2BrS.     Pseudoiosamylthiourea     hydrobromide.      Wheeler 

and  Bristol 441 

C,-GROUP. 

CjHg.     Toluene.     Bacon 95 

2  VII. 

CjH^O,.     Meconic  acid.     Kastle 50 

C^HgO.     Benzyl  alcohol.     Bacon 95 

CjHgN.     Benzylamine.     Clarke 499 

CjHjqOj.     a,a-Dimethyl-/?-methylenebutyrolactone.     Noyes 361 

CjHijOg.     Q;,a,^-Triraethylbutyrolactone.     Noyes 362 

Q..,H.^fi^.     Trimethylsuccinic  acid.     Noyes 359 

C^HjjOg.     Diethyl  mesoxalate.     Curtiss 604 

CjHj^N.     Dimethylisoamylamine.     Clarke 498 

3  VII. 

C^H^OgNj.     2,4-Dinitrobenzoic  acid.     Hill  and  Hale 21 

CjHgOjNa.     Sodium  benzoate.     Bacon 71 

C7H5O4N.     /)-Nitrobenzoic  acid.     Hill  and  Hale 15 

CjH^ONa.     Sodium  benzylate.     Bacon 96 

C7H7N3S2.     2-Ethylmercapto-6-isothiocyanpyrimidine.      Wheeler 

and  Bristol 450 

CjHjClMg.     Benzylmagnesium  chloride.     Kohler  and  Reimer  .  .  .  354 

C^HyBrMg.     o-Tolylmagnesium  bromide.     Kohler  and  Heritage.  159 

C^HgOgN.     Ethyl  cyanacetacetate.     Kohler  and  Reimer 345 

CyHjoN^Sj.        2-Ethylmercapto-6-thioureapyrimidine.         Wheeler 

and  Bristol 451 

CjHjiOgAg.   Silver  a,a-dimethyl-/3-methylene-y-hydroxybutyrate. 

Noyes 362 
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C7Hi303Ag.     Silver  a,a,/?-trimethyl-y-hydroxybutyrate.     Noyes.  362 

CjHjglAs.     Methyltrietbyl  arsonium  iodide.     Dehn 129 

4  VII. 

CjH^O^NAg.     Silver  /j-nitrobenzoate.     Hill  and  Hale 16 

CjHgNjBrSj.     2-Ethylmercapto-5-brom-6-isothiocyanpyrimidine. 

Wheeler  and  Bristol 453 

C7H7O5NS.     />-Nitrotoluene  sulphonic  acid.     Kastle 50 

CjHgOfiNgNa.     Sodic  nitromalonic  diacetyldialdoxime.     Hill  and 

Black 294 

C7H9O2NS.     o-Toluenesulphonamide.     ]Veedoti  and  Doughty 423 

C^HgN^BrSj.     2-  E  t  h  y  1  mercapto-5-brom-6-thioureapyrimidine. 

Wheeler  and  Bristol 454 

CjHjqONjS.     2-Normalpropylmercapto-6-oxypyriniidine.  Wheeler 

and  Bristol 441 

5  VII. 

CjHgON^BrS.       2-Ethylmercapto-5-brom-6-ureap  y  r  i  m  i  d  i  n  e  . 

Wheeler  and  Bristol 457 

Cs-GROUP. 

CgHgO.     Acetophenone.     Kohler  and  Reimer 351 

CgHg02.     ra-Toluic  acid.     Acree 194 

CgHjiN.     Ethyl  aniline.     Bacon 84 

CgHijO^.     Trimethylparaconic  acid.     Noyes 356 

CgHjgN.     Haemopyrrol.     Orndorff  and  Teeple 232 

CgHj^O^.     Ethyl  succinate.     Acree 191 

3  VIII. 

CgHsBrMg.     Phenylacetylenemagnesium  bromide.       Kohler  and 

Reimer 356 

CgH^O^N.     Methyl  ester  of /j-nitrobenzoic  acid.     Hill  and  Hale.  .  16 

CgH^OjN.     5-Nitrosalicylic  acid  methyl  ether.     Hill  and  Hale..  .  15 

CgHjiOgCl.     Trimethylparaconyl  chloride.     Noyes 359 

CgHijOjBr.     Trimethylparaconyl  bromide.     Noyes 360 

CsHijOgBa.     Barium  trimethyUtamalate.     Noyes 360 

CsHjjN^Sg.         2-Ethylmercapto-5-methyl-6-thioureapyrimidine. 

Wheeler  and  Bristol 452 

C3H13O3N.     Trimethylparaconamide.     Noyes 360 

CsHjglAs.     Tetraethyl  arsonium  iodide.     Dehn 145 

4  VIII. 

C8H2O2N2CI4.     Secondary  hydrazide  of   tetrachlorphthalic    acid. 

Phelps 589 
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CgHoOjN^Cl^.     Primary    hydrazide     of     tetrachlorphthalic    acid. 

Phelps 588 

CsH,o02NgCl4.     Primary  hydrazide  of  tetrachlorphthalic  acid,  plus 

hydrazine.     Phelps 587 

CgHijONjS.     2-Ethylmercapto-4-ethyl-6-oxypyrimidine.    Wheeler 

and  Bristol 445 

CgHjjONjS.       2-Isobutylmercapto-6-oxypyrimidine.        Wheeler 

and  Bristol 44 1 

5  VIII. 


CgHOjNjCl^Ag.  Silver  salt  of  the  secondary  hydrazide  of  tetra- 
chlorphthalic acid.     Phelps 590 

CgHOjNjCl^K.     Potassium  salt  of  the  secondary  hydrazide    of 

tetrachlorphthalic  acid.     Phelps 589 

CgHOgNjCl^Na.     Sodium    salt  of    the    secondary  hydrazide    of 

tetrachlorphthalic  acid.     Phelps 589 

CgHijONgBrS.     2-Ethylmercapto-4-ethyl-5-brom-.6-oxypyrimi- 

dine.     Wheeler  and  Bristol 446 

C9-GROUP. 

CgHgOj.     Cinnamic  acid.     Kohler  and  Heritage 30 

CgHjoO.     Benzylmethyl  ketone.     Hill  and  Hale 7 

CgHjoO^.     Benzyl  acetate.     Bacon 94 

CgHioOj.     Hydrocinnamic  acid.     Bacon 94 

C9H13N.     Dimethylbenzylamine.     Clarke 499 

CgHigN.     Dimethyl-o-toluidine.      Clarke 498 

CgHjjN.     Dimethyl-/>-toluidine.     Clarke 498 

3  IX. 

C9H7OCI.     Cinnamyl  chloride.     Kohler  and  Heritage 30 

CgHj^OgN,,.     Addition  product  of  phenyl  isocyanate  with  form- 

hydroxamic  acid  methyl  ester.     Biddle 65 

CgHjiOjN.     Ethyl  benzhydroxamic  acid.     Biddle 62 

CgHjiO^N.     Tyrosine.     Wheeler  and  Jamieson 368 

CyHjJAs.     Phenyl  trimethyl  arsonium   iodide.     Dehn 152 

4  IX. 

C^HgOgNIj.     Diiodtyrosine.     Wheeler  and  Jamieson 368 

CgHgOjNS.     Acid  ethyl-/>-nitrosulphobenzoate.     Kastle 51 

C9H,30N3S2.      2-Ethylmercapto-6-thionethylurethanepyrimidine. 

Wheeler  and  Bristol 451 
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5  IX. 

CgHyOgNIjAgj.     Silver  diiodtyrosine.     Wheeler  and  Jamieson 371 

CgHjoOaNClIj.       Diiodtyrosine     hydrochloride.       Wheeler     and 

Jamieson 370 

CgHjiOjNIjS.     Diiodtyrosine  sulphate.     Wheeler  and  Jamieson.  .  370 

CgHjjONjBrSj.     2-Ethylmercapto-5-brom-6-thionethyliirethane- 

pyrimidine.     Wheeler  and  Bristol 454 

C9Hj30N4BrS.       2  -  E  t  h  y  1  mercapto-5-brom-6-pseudoethylurea- 

pyrimidine.     Wheeler  and  Bristol 456 

Cio-GROUP. 

CioHjoO.     Benzalacetone.     Kohler  and  Heritage 30 

CioHioOj.     Methyl  cinnamate.     Kohler  and  Heritage 25 

CiqHjjOj.     /3-Phenylbut)rric  acid.     Kohler  and  Reimet 353 

CiqHijOj.     Ethyl  m-toluate.     Acree 194 

CjoHj^Oj.     Acetyl  trimethyhtamahc  anhydride.     Noyes 364 

3  X. 

CioH^OjN.     a-Cyancinnamic  acid.     Kohler  and  Reimer 333 

CioH-BrMg.     a-Naphthylmagnesium  bromide.     Kohler  and  Heri- 
tage   160 

CjoHjBrMg.     a-Naphthylmagnesium  bromide.     Kohler  and 

Johnstin 44 

CjoH-BrMg.       a-Naphthylmagnesium    bromide.        Kohler    and 

Reimer 349 

CioHgOjNj.     5-Phenyluracil.     Wheeler  and  Bristol 460 

CioHgOgNj.     5-Aminouracil  picrate.     Wheeler  and  Bristol 442 

CipHjoONg.     2-Oxy-6-aniUnopyrimidine.     Wheeler  and  Bristol.  .  .  459 

C10H13ON.     Ethylacetanihde.     Bacon 84 

Ci(,H,30N.     /3-Phenylbutyramide.     Kohler  and  Reimer 353 

CiqHjjOjN.     Ethylbenzhydroxamic  acid  methyl  ester.     Biddle  . .  63 

4  X. 

CioHTNjClBr.     2-AniUno-5-brom-6-chlorpyrimidine.      Wheeler 

and  Bristol 444 

CjoH80N3Br.     2-Anilino-5-brom-6-oxyp5Timidine.     Wheeler   and 

Bristol 444 

C10HJ5ON3S2.    2-Ethylmercapto-5-methyl-6-thionurethanepyrimi- 

dine.     Wheeler  and  Bristol 452 

C„-GROUP. 

C,iH,202.     Ethyl  cinnamate.     Kohler  and  Heritage 28 
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CnHijOj.     Benzyl  acetoacetate.     Bacon 79 

C,,Hi^O.     Dimethylstyril  carbinol.     Kohler  and  Heritage 28 

CuHj^Oj.     Benzyl  isobutyrate.     Bacon 96 

CiiHijO^.     Ethyl  trimethylhydroxyadipate  lactone.     Noyes 361 

3  XI. 

C,iH,„03r.     Ethyl  a-bromcinnamate.     Kohler  and  J ohnstin. . .  38 
C„H,202'Br2.     Dibromphenylpropionic  ester.     Kohler   and   J  ohn- 
stin   43 

C,,Hi302N.     a-Cyan-/?-phenylbutyric  acid.     Kohler  and  Reimer . .  352 
Cu^^nOs^-       Methylphenylmethylmalonic    monamide.       Kohler 

and  Reimer 352 

CijHjjO^N.     Ethyl  dimethylcyansuccinate.     Noyes 358 

4  XI. 

CiiHgO^NjCl^.     Ethyl  carboxylate  of  the  secondary  hydrazide  of 

tetrachlorphthalic  acid.     Phelps 590 

CijHjiO^NL.     Monoacetyldiiodtyrosine.     Wheeler  and  Jamieson.  371 

5  XI. 

CiiHigONgBrSa.        2-Ethylmercapto-5-brom-6-iminothioethylcar- 

bonatepyrimidine.     Wheeler  and  Bristol 455 

C12-GROUP. 

CjoHjg.     Diphenyl.     Kohler  and  Johnstin 43,  44,  45 

C,2H24.     Hydrocarbon  from  petroleum.     Mabery 264 

CjjHg^.     Hydrocarbon  from  petroleum.     Mabery  and  Palm 254 

2  XII. 

CijHgOj.     2-Phenylbenzoquinone.     Hill  and  Hale 11 

Q,■^^■^^0^.     Quinhydrone.     Torrey  and  Hardenbergh 168 

CjjHjgCl.     Chloride  of  hydrocarbon  from  petroleum.     Mabery..  264 

3  XII. 

C,2H707N3.     5,2',4',-Trinitro-2-oxydiphenyl.     Hill  and  Hale  ....  20 

C12H7O7N3.     5,3,4'-Trinitro-2-oxydiphenyl.     Hill  and  Hale 18,  19 

C,2H505N2.     5,3-Dinitro-2-oxydiphenyl.     Hill  and  Hale 12 

C,2H^OsN2.     5,4'-Dinitro-2-oxy-diphenyl.     Hill  and  Hale 19 

C,2Hg03N.     5-Nitro-2-oxydiphenyl.     Hill  and  Hale 8 

CijHgOaN.        i-Nitro-3-phenyl-4-keto-J2,5-dihydrobenzol.      Hill 

and  Hale 2 

CijHjiOjN.     Ethyl  a-cyancinnamate.     Kohler  and  Reimer 337 
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CioHijOjX.     Ethyl  cyanbenzoylacetate.     Kohler  and  Reimer ... .  349 

CijHiPX,.     5,3-Diamido-2-oxydiphenyl.     Hill  and  Hale 14 

CijHijON.     5-Ainido-2-oxydiphenyl.     Hill  and  Hale 11 

CijHjgXjS.     2-Ethylmercapto-6-anilinopyrimidine.     Wheeler  and 

Bristol 459 

CijHgoIAs.     Phenyl  triethyl  arsoninin  iodide.     Dehn 151 

4  XII. 

CjjHeO^NaClj.     Diacetyl  derivative  of  the  secondary  hydrazide  of 

tetrachlorphthaUc  acid.     Phelps 589 

CijH.OsXjNa.       Sodium       salt      of      5,3-Dimtro-2-oxydiphenyl. 

Hill  and  Hale 13 

CjjHgOaXX^a.     Sodium  salt  of  5-nitro-2-oxydiphenyl.     Hill  and 

Hale 9 

C12H12OX2S.     2-Ethylmercapto-5-phenyluracil.     Wheeler  and 

Bristol 460 

CijHi^XgClS.     2-Ethylmercapto-6-amlinopyrimidine  hydrochlo- 
ride.    Wheeler  and  Bristol 458 

C13-GROUP. 

CjjHjj.     Diphenyl  methane.     Bacon T^,  11 

CijH,^,     Hydrocarbon  from  petroleum.     Mabery 271 

C13H26.     Hydrocarbon  from  petroleum.     }^labery 264 

C13H25.     Hydrocarbon  from  petroleum.     ISlahery  and  Palm 255 

2  XIII. 

CiaHjgO.     Benzophenone.     Bacon 73,  74 

CjgHjgO.     Benzophenone.     Kohler  and  Heritage 35 

CjjHjoO.     Benzophenone.     Kohler  and  Johnstin 40,  42 

CigHjjBr.     Bromdiphenylmethane.     Bacon 75 

CigHjjO.     Benzhydrol.     Bacon 71 

CigHjjS.     o-Tolylphenylsulphide.     Weedon  and  Doughty 416 

C13H25CI.     Chloride  of  hydrocarbon  from  petroleum.     Mabery. .  265 

3  XIII. 

CigHgOBrj.     />-Dibrombenzophenone.     Bacon 76 

CigHgOS.     Thioxanthone.     Weedon  and  Doughty 394 

CigHgOgS.     Benzophenonesulphone.     Weedon  and  Doughty 407 

C13H5O7N3.     5,2',4'-Trinitro-2-oxydiphenyl    methyl   ether.     Hill 

and  Hale 20 

C13H9O7N3.     5,3,4'-Trinitro-2-oxydiphenyl    methyl    ether.     Hill 

and  Hale 17 

CigHjpO^S.     /?-Phenylsulphidebenzoic  acid.     Weedon  and  Doughty  424 
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CigHjoOjS.     Phenylthiosalicylic  acid.     Weedon  and  Doughty 392 

CjjHioOgS.     Diphenylsulphoxideorthocarboxylic    acid.      Weedon 

and  Doughty 395 

CijHjoO^S.      Diphenylsulphoneorthocarboxylic    acid.        Weedon 

and  Doughty 386 

C,sH,o04S.      />-Phenylsulphonebenzoic      acid.        Weedon     and 

Doughty 426 

CjaHioOjNj.     5,3-Dinitro-2-oxydiphenyl  methyl  ether.     Hill  and 

Hale 13 

CigHjoOjNj.     5,4'-Dinitro-2-oxydiphenyl  methyl  ether.      Hill  and 

Hale 18 

CjgHiiONa.     Sodium  benzhydrol.     Bacon 71 

CiaHijOjN.     5-Nitro-2-oxydiphenyl  methyl  ether.     Hill  and  Hale  10 

CigHjjOjS.     o-Tolylphenylsulphone.     Weedon  and  Doughty 418 

CijHi^N^Sg.     2-Ethylmercapto-6-phenylthiourea  pyrimidine. 

Wheeler  and  Bristol 451 

CjaHjgOjN.       Ethyl     a-cyan-,9-phenylbutyrate.        Kohler    and 

Reimer 351 

4  XIII. 

CigHgOjClS.  Diphenylsulphoneorthocarboxylic  chloride,  Wee- 
don and  Doughty 410 

C^HgOgClS.     />-Phenylsulphonebenzoic    chloride.     Weedon    and 

Doughty 427 

CigHgOgNS.     Mononitrodiph  enylsulphoxideorthocarboxyUc 

acid.     Weedon  and  Doughty 400 

CijHjiOaNS.      Diphenylsulphoneorthocarboxylamide.        Weedon 

and  Doughty 411 

CigHnOgNS.     />-Phenylsulphonebenzamide.        Weedon      and 

Doughty 428 

CjgHigN^BrSa.    2-Ethylmercapto-5-brom-6-phenylthioureapyrimi- 

dine.     Wheeler  and  Bristol 454 

Cu-GROUP. 

C14H12.     Stilbene.     Kohler  and  Johnstin 43 

C14H2S,.     Hydrocarbon  from  petroleum.     Mabery 265 

C14H28.     Hydrocarbon  from  petroleum.     Mabery  and  Palm 255 

2  XIV. 

Cj^HipO^.     Dibenzoyl  peroxide.     Bacon 75 

C14H12O.     Desoxybenzoin.     Kohler  and  Reimer 354 

Cj^HjjOj.     Benzhydrol  formate.     Bacon 88 

Cifij^O^.     Diphenyl  acetic  acid.     Bacon 88 
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C,4Hi2Br2.     Stilbene  bromide.     Kohler  and  Johnstin 42 

CJ4HJ4O.     Benzyl  ether.     Bacon 95 

C14H15N.     Dibenzylamine.     Clarke 499 

C,4Hjg02.     Amyl  cinnamate.     Kohler  and  Heritage 28 

C14H27CI.     Chloride  of  hydrocarbon  from  petroleum.     Mabery..  267 

3  XIV. 

Ci^HijOjN.     Dibenzhydroxamic  acid.     Biddle 62 

C14H12O4S.     Methyl      diphenylsulphoneorthocarboxylate.      Wee- 
don  and  Doughty 413 

Ci4Hj303N.     5-Nitro-2-oxydiphenyl  ethyl  ether.     Hill  and  Hale..  10 

4  XIV. 

Ci4H,606N2Mg.     Ethyl  magnesium  cyanacetacetate.     Kohler  and 

Reimer 345 

C15-GROUP. 

Hydrocarbon  from  petroleum.     Mabery 267 

Hydrocarbon  from  petroleum.     Mabery  and  Palm 256 

2  XV. 

/?-Phenylcinnamonitrile.     Kohler  and  Reimer 344 

Benzalacetophenone.     Kohler  and  Heritage 31 

Benzalacetophenone.     Kohler  and  Reimer 351 

Phenylhydrindone.     Kohler  and  Heritage 34 

/3-Phenylcinnamic  acid.     Kohler  and  Heritage 34 

/?-Phenylcinnamic  acid.     Kohler  and  Johnstin 39 

/?,/3-Diphenylpropionitrile.     Kohler  and^Reimer 340 

Dibenzyl  ketone.     Hill  and  Hale 8 

Benzhydrol  acetate.     Bacon 77 

/?,/?-Diphenylpropionic  acid.     Bacon 83 

/3,/3-Diphenylpropionic  acid.     Kohler  and  Heritage. . . .  26,  30 

/3,/3-Diphenylpropionic  acid.     Kohler  and  Reimer 341 

Ethyl  trimethylparaconylmalonate.     Noyes 363 

CigHjgCl.     Chloride  of  hydrocarbon  from  petroleum.     Mabery...  268 

3  XV. 

CsHjiOBr.     a-Brombenzalacetophenone.     Kohler  and  Johnstin  .  40 

Ci5Hj20Br2.     Benzalacetophenone  bromide.     Kohler  and  Johnstin  43 

C1SHJ3O2N.     Diphenylbrompropionic  acid.      Kohler  and  Heritage  34 
C1PHJ4O4S.     Ethyl  diphenylsulphoneorthocarboxylate.      U'eedon 

and  Doughty 413 

CigHijON.     /?„5-Diphenylpropionamide.     Kohler  and  Reimer 341 
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C,6-GR0UP. 

CigHgo.     Hydrocarbon  from  petroleum.     Mabery 

C,6H32.     Hydrocarbon  from  petroleum.     Mabery  and  Palm 

2  XVI. 

CigH^Oj.  a-Cyan-/?-phenylcinnamic  acid.     Kohler  and  Reimer .  . 

CigHj^N^.     2,6-Dianilinopyrimidine.     ]V heeler  and  Bristol 

CjoHigOj.     Benzyl  hydrocinnamate.     Bacon 

CigHigOj.  Methyl  /?,/?-diphenylpropionate.      Kohler  and  Heritage 

CigHigOj.     Diphenyl  ethyl  glycol.     Acree 

C15H22O7.     Trimethylparaconic  anhydride.     Noyes 

CjgH^jOg.     Oxidation  product  of  abietic  acid.     Endemann 

CjgHg^O^.     Oxidation  product  of  abietic  acid.     Endemann 

3  XVI. 

CijHjgOjN.  Cyandiphenylpropionic  acid.  Kohler  and  Reimer .  . 
CieHjjN^Br.      2,6-Dianilino-5-brompyrimidine.       Wheeler      and 

Bristol 

C16H15O3N.     Dibenzhydroxamic  acid  ethyl  ester.     Biddle 

CigHisOjN.     /9,/?-Diphenylmethylmalonic  monamide.     Kohler  and 

Reimer 

CigHjgN^Cl.     2,6-Dianilinopyrimidine     hydrochloride.       Wheeler 

and  Bristol 

CjsHjyON.     jS.y-Diphenylbutyramide.     Kohler  and  Reimer 

4  XVI. 

C|6H24N2ClsHg5.     Mercury  haemopyrrol  mercuric  chloride.     Orn- 
dorff  and  Teeple 

C„-GROUP. 

CjjHgo.     Hydrocarbon  from  petroleum.     Mabery 

Ci7H3^.     Hydrocarbon  from  petroleum.     Mabery  and  Palm, 

2  XVII. 

CjyHjjO.     a-Naphthophenone.     Kohler  and  Reimer 

CiyHj^O.     Dibenzalacetone.     Kohler  and  Heritage 

CjjHjgOj.     Benzhydrol  acetoacetate.     Bacon 

CiyHjgO.     Diphenylmethyl  butenol.     Kohler  and  Heritage 

CjtHjsOj.     Benzhydrol  isobutyrate.     Bacon 

Ci^HjgOj.      i-Dimethyl-2-diphenylpropionic  acid.     Bacon 

CjjHjgOj.     Diphenylpropionic  ester.     Kohler  and  Johnstin 
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3  XVII. 

CijHjjON.     Cinnamyl  ethyl  anilide.     Kohler  and  Heritage 31 

CjyHjjOaBr.     a-Brom-^.^-diphenylpropionic  ester.      Kohler  and 

Johnstin 40 

CjjHi^OgN.     /?,y-Diphenylethylmalonic   monamide.     Kohler  and 

Reimer 354 

CijHjglAs.     Ethyl  triisoamyl  arsonium  iodide.     Dehn 146 

C18-GROUP. 

CjgHgg.     Hydrocarbon  from  petroleum.     Mabery 272 

2  xvni. 

CigH,604.     Phenoquinone.     Torrey  and  Hardenbergh 168 

3  XVIII. 

CigHieOjN.        Ethyl         a,a-bromcyan-/?,^-diphenylpropionate. 

Kohler  and  Reimer 342 

CigHj^OjN.     Ethyl   a-cyan-/?,/?-diphenylpropionate.     Kohler  and 

Reimer 339 

5  XVIII. 

CigHigOgNJ^Cu.     Copper  diiodtyrosine.     Wheeler  and  Jamieson.  371 

C,9-GROUP. 

CigHgg.     Hydrocarbon  from  petroleum.     Mabery  and  Palm 258 

2  XIX. 

CigHjgNj.     Benzophenone  phenylhydrazone.     Bacon 74 

3  XIX. 

CjgHigO^N.     5-Nitro-2-oxydiphenyl    benzoic    ether.      Hill    and 

Hale 10 

CjgHi^OaS.     o-Benzoyldiphenylsulphone.     Weedon  and  Doughty.  414 

C20-CROUP. 

CjoHjg.     o-Tolyldiphenylmethane.     Acree 195 

CjoHig.     m-Tolyldiphenylmethane.     Acree 195 
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2  XX. 

CjoHigO.     o-Tolyldiphenylcarbinol.     Acree 195 

CjqHisO.     TO-Tolyldiphenylcarbinol.      Acree 194 

3  XX. 

CjqHi^OjN.     Ethyl-i,3-diphenyl-4-cyan-i-pentinate.     Kohler  and 

Reimer 356 

CjoHjyOaN.     Naphthylphenylmethylmalonic  monamide.     Kohler 

and  Reimer 35° 

5  XX. 

CjoHj^jNgClgPt.        2-Oxy-6-anilinopyrimidine       chlorplatinate. 

Wheeler  and  Bristol 459 

Cn-GROUP. 

CjiH^o-     Hydrocarbon  from  petroleum.     Mabery  and  Palm 258 

2  XXI. 

CjiHjgO.  /?-Phenylbenzalacetophenone.     Kohler  and  J ohnstin. .  .  41 

CaiHigOg.     Triphenylacrylic  acid.     Kohler  and  Heritage 159 

CgiHigO.     Diphenylpropiophenone.     Kohler  and  J  ohnstin 43 

CjiHigO.     Diphenylpropiophenone.     Kohler  and  Heritage 26,  30 

CjiHjgOj.     Triphenylpropionic  acid.     Kohler  and  Heritage 156 

CjiHjiN.     Tribenzylamine.     Clarke 499 

3  XXI. 

CjiHjyOBr.  Diphenylbrompropiophenone.  Kohler  and  Johnstin  39, 41,  43  ,45 
CjiHgglAs.     Phenyl  triisoamyl  arsonium  iodide.     Dehn 152 

C,,-GROUP. 

C22H42.     Hydrocarbon  from  petroleum.     Mabery  and  Palm 256 

2  XXII. 

C22H20O.     Tolyldiphenylpropionic  acid.     Kohler  and  Heritage .. .  160 

C22H20O2.     Methyl  triphenylpropionate.     Kohler  and  Heritage.  .  .  155 
C22H26O.     Probably  an  ether  [CeH^CH  :  C(CH3)2]20.      Kohler  and 

Heritage 29 
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3  XXII. 

CjjjjHigOjN.        Ethyl       a-cyan-/9,/9-naphthylphenylpropionate. 

Kohler  and  Reimer 349 

CjjHj^OjBr.  Triphenylbrompropionic  ester.  Kohler  and  Heri- 
tage    158 

4  XXII. 

CjjHjjOjBrMg.     Product  of  the  reaction  of  phenylcinnamic  add 

with  phenylmagnesium  bromide.     Kohler  and  Heritage 154 

C«- GROUP. 

CjsH^o.     Hydrocarbon  from  petroleum.     Mabery  and.  Palm 261 

CjjH^,.     Tricosane.     Mabery 286 

2  XXIII. 

C23H22O2.     Ethyl  triphenylpropionate.     Kohler  and  Heritage 156 

CjaHgoOj.  Methyl  tolyldiphenylpropionate.  Kohler  and  Heri- 
tage   159 

C23H32O10.     Ethyl  ditrimethylparaconylmalonate.     Noyes 363 

3  XXIII. 

CjsHjaON.     Diphenylpropionethyl  anilide.     Kohler  and  Heritage .  32 

4  XXIII. 

CjgHjjONBr.     Diphenylbrompropionethyl  anilide.     Kohler    and 

Heritage 33 

C24-GROUP. 

C24H„.  Hydrocarbon  from  petroleum.     Mabery 274 

Cj^H^.  Hydrocarbon  from  petroleum.     Mabery  and  Palm 261 

Cj^H^g.  Hydrocarbon  from  petroleum.     Mabery  and  Palm 260 

C24H50.  Tetracosane.     Mabery 287 

Cj^Hjo.  Tetracosane.     Mabery  and  Sieplein 280 

2  XXIV. 

Cj^HigOj.     Dihydroxydiphenyldihydroacenaphthene.     Acree 188 

C24H22O3.  Product  of  the  reaction  of  acetyl  chloride  on  the  addi- 
tion compound  of  phenylmagnesium  bromide  and  methyl 
phenylcinnamate.     Kohler  and  Heritage 158 
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4  XXIV. 

C2^H2o08N2Mg.     Ethyl  magnesium  cyanbenzoylacetate.     Kohler 

and  Reimer 349 

C,5-GROUP. 

C24H4J.     Hydrocarbon  from  petroleum.     Mabery  and  Palm 262 

C2sHj2.     Pentacosane.     Mabery 288 

2  XXV. 

C25H20O.     Naphthylphenylpropiophenone.     Kohler  and  Johnstin.  45 
CjgHj^Oj.     Naphthyldiphenylpropionic  acid.      Kohler  and  Heri- 
tage             162 

C,6-GROUP. 

C26H20.     Tetraphenylethylene.     Bacon 71.  7^ 
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2  XXVI. 
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Weedon  and  Doughty 39^ 
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Weedon  and  Doughty 406 
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and  Doughty 426 
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Weedon  and  Doughty 405 
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and  Doughty 426 
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2  XXVIII. 

CjgHgjOj.     Benzoyltriphenylpropenol.     Kohler  and  Heritage 27 

C2gH2202.     Benzoyltriphenylpropenol.     Kohler  and  J ohnstin 45 

C28H24O.     Benzhydrol /?,/?-diphenylpropionate.     Bacon 83 

C28H24O.     /?-Di-/)-tolylphenylpinacolin.     Acree 190 

C28H24O2.     Tetraphenyltetramethylene  oxide  (?).     Acree 192 

^28^2602-     -y-Diphenyldi-Z^-tolylpinacone.     Acree 189 

C28H20O2.     Tetraphenyltetramethylene  glycol.     Acree 191 

C29-GROUP. 

^29^50-     Hydrocarbon  from  petroleum.     Mabery 275 

CjgHeo.     Nonocosane.     Mabery 289 
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cinnamate.     Kohler  and  Reimer 346 
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3  XXXI 1. 
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C34-GROUP. 
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C35-GROUP. 
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C38-GROUP. 
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Teeple 243 

C40-GROUP. 

C40H42O7N6.     Bilirubinazoacetophenone.     Orndorff  and  Teeple .. .  248 

C44-GROUP. 

C^HagOgNgBrg.     Bilirubindisazotribrombenzene.      Orndorff    and 

Teeple 241 

C49-GROUP. 

C4gH4g08N8.     Bilirubindisazoacetophenone     Orndorff  and  Teeple  247 
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Page. 

Line. 

>--620 

45 

for  ' '  Lehner ' '  read  ' '  Leaher." 

,620 

51 

"    "Lehner "  read  ' ' Lenher . ' ' 

1^630 

40 

"    "Lehner"  read  "Lenher." 
VOL.  XXXIII. 

1^28 

13 

"    "styril"  read  "styryl." 

1^38 

19 

"    "styril"  read  "styryl." 

1^191 

5 

"    "benzsilicate"  read  "benzilate." 

v<i83 

note  I 

"    "298,  310"  read  "298-310." 

\^85 

30 

"    "Cj^H^e"  read  Ca^H.^." 

1^36 

7 

/OC,H, 
"    "CeH,CHC:C<               "    read 

^OMgBr 

I 

^    ( 

/OMgBr 

\OMgBr 

"CeH^CHC 

1 

»^34i 

23 

u^43 

16 

V343 
T^43 

17 

37 

v^44 

4 

U  344 
.^56 

5 
2 

«^4i3 

p^98 

5 
14 

1^520 
V526 

1<S42 

3 

38 

6 

RCN 

"C,,H,P"read"C,5H,,0N." 
"  diphenylcinnamic  "  read  "phenylcinnamic." 
"diphenyl"  read  "phenyl." 
"diphenyl"  read  "phenyl." 
"diphenyl"  read  "phenyl." 
"diphenyl"  read  "phenyl." 

"Ethyl  Cyandiphenylbutyrate"   read    "Ethyl  1,3-di- 
pheny  l-4-cyan- 1  -pentinate . ' ' 
"68.64"  read  "61.64." 
"CgHigN"  read  "C^H^^'N." 
"iibertragen"  read  "iibertragen." 
"esterifys  very  readily"  read  "is  readily  esterified." 
"comes"  read  "come." 
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